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Proceedings of the Twenty-eighth Annual Convention 

of the 

American Railway 
Bridge and Building Association 

Held at the Hotel Sherman 

Chicago. III. October 15-17. 1918 



The twenty-eighth annual convention of the American Rail- 
way Bridge and Building Association was called to order in the 
Louis XVI room of the Hotel Sherman, Chicago, at 10:30 o'clock 
Tuesday, October IS, 1918, by President S. C. Tanner. 

The President: — Following the established custom we will 
open the meeting with prayer. I will call on the secretary to offer 
prayer. 

Invocation by Secretary Lichty. 

The President: — It has been customary to have an address of 
welcome by the mayor of the city and from some prominent rail- 
road man, followed by a response from one of our members, and 
while this was interesting and entertaining it was thought best to 
dispense with such items during the war. Conditions are different 
from what they were several years ago and instead of "talk and 
entertain" it is now "business and action." W-e have therefore de- 
cided to cut out at this time all matters of entertainment. Busi- 
ness will predominate in these sessions and we will cut the pre- 
liminaries short. 

It has been the custom to have an address from the president 
and he has deemed it wise to cut this to a minimum and "clear the 
deck for action." 

I do not want to allow the opportunity to pass without com- 
menting on the attendance, which, although not as large as in other 
recent years, is fully as good or better than we could expect, all 
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8 MINUTES 

things considered. It shows the loyalty of our members to the 
National Government and to the railroads which we represent. 
Your attendance at these meetings is an indication of patriotism 
because you come to spread broadcast knowledge pertaining to the 
best and most economical methods of practice pertaining to the con- 
struction and maintenance of railroad bridges, buildings and water 
supply. 

I believe I am safe in saying, and that you will agree with me, 
that the railroads are the fathers of industry in this country and 
that the tracks, bridges and buildings are the grandparents of 
the railroads. It is almost impossible to comprehend the great im- 
portance and value of the 252,000 miles of the railroads to our 
Government and our allies at the present time in transporting 
troops, munitions and supplies. Our members are vitally inter- 
ested in maintaining the roads in the best possible shape, both in 
this country and abroad, and this is much more difficult at the 
present time on account of the scarcity of labor and materials 
which confronts us on every hand in all parts of the country. It 
is therefore proper that we should meet and discuss these mat- 
ters which pertain to the conservation of labor and material and 
to recommend methods of saving labor and all manner of me- 
chanical labor saving devices. (Applause.) 

We will now proceed with the regular order of business. 

The reading of the minutes of the previous meeting will be 
dispensed with as they have been published and placed in the 
hands of all the members. The report of the executive committee 
will also be dispensed with for the same reason. The next in 
order is roll call. 

The Secretary: — Most of you are familiar with the method 
we use to secure the registration of members present at the con- 
vention. Registration cards are to be found at the desk just out- 
side the door. We urge all present to register in order that we 
may be able to show the full attendance. 

The registration showed the following members to be present : 

P. Aagaard R. J. Bruce W. L. Derr 

W. E. Alexander J. M. Caldwell J. Dupree 

L. J. Anderson W. M. Camp C. H. Eggers 

S. D. Bailey F. M. Case Chas. Esping 

F. C. Baluss . E. E. Clothier Chas. Ettinger 
H. Bender E. Collings R. F. Farlow 
M. Bishop F. J. Conn W. IT. Finley 
S. C. Bowers John Cronin M. J. Flynn 

G. U. Boyer O. F. Dalstrom B. F. Gehr 
Geo. E. Brooks E. A. Demars Ira Gentis 



REGISTRATION OF MEMBERS 



H. A. Gerst 
Chas. Gradt 

F. N. Graham 
Edw. Guild 

L. D. Hadwen 
Thos. Hall 
A. W. Harlow 
R. C. Henderson 
H: A. Horning 
Wm. B. Hotson 
E. T. Howson 
J. Hunciker 
J. S. Huntoon 
W. J. Jackson 
A. J. James 
Nels Johnson 
Lee Jutton 
C. W. Kelly 
A. H. King 
C. R. Knowles 

G. W. Land 
T. S. Leake 

E. R. Lewis 
C. A. Lichty 
M. Loeffler 
Geo. Loughnane 
A. S. Markley 

The following 
were also present: 

C. N. Bainbridge 
W. A. Batey 

F. A. Eskridge 



E. M. McCabe 
Edward McGuire 
R. McKibben 

A. McNab 
J. W. Miller 
M. D. Miller 
L. A. Mitchell 
A. Montzheimer 
R. E. Murphy 
G. K. Nuss 
P. J. O'Neill 
J. F. Parker 
K. Peabody 
J. A. S. Redfield 
R. H. Reid 
H. Rettinghouse 
G. S. Richards 
R. W. Richardson 
M. Riney 
J. S. Robinson 
W. A. Rogers 
D. Rounseville 
R. C. Sattley 

F. E. Schall 
C. J. Scribner 
L. T. Seeley 
A. C. Shields 



L L. Simmons 
R. W. Smith 
Jos. Spencer 
W. M. Sterling 
H. B. Stuart 
Wm. Sullivan 
O. M. Suter 
H. C. Swartz 
W. M. Sweeney 
P. Swenson 
S. C. Tanner 

D. B. Taylor 
M. E. Thomas 

E. E. R. Tratman 
T. B. Turnbull 

C. G. Vollmer 
H. von Schrenk 
C. F. Warcup 

F. E. Weise 
J. B. White 
M. R. Williams 
A. A. Wolf 

C. F. Womeldorf 
J. P. Wood 
J. W. Wood 
A. Yappen 



persons subsequently elected to membership 



Wm. James 
Geo. F. Porter 
F. H. Soothill 



T. G. Sughrue 
R. Kendall . 
A. C. Roberts 



Total number of members registered, 119. 

The past presidents in attendance were A. S. Markley, W. A. 
Rogers, A. Montzheimer, C. A. Lichty, R. H. Reid, H. Retting- 
house, F. E. Schall, and L. D. Hadwen. 

The President: — I will appoint F. E. Weise assistant secre- 
tary for the duration of the convention. 

We will now have the report of the secretary-treasurer. 



REPORT OF THE SECRETARY-TREASURER 

There is no doubt but that the Association is passing through 
the most strenuous period in its history. Labor conditions on the 
railroads are the reverse of what they had been for many years past 
and at the present time the question of help is the source of a great 
deal of worry to those who have the hiring of men of nearly all classes. 
Many of our members who have been regular in attendance at our 
conventions in past years are unable to be present at this meeting 
on account of the depletion of their forces, making it necessary for 
them to remain in close proximity to their work. 

Several of our members are engaged in active military service; a 
number of others are in the vicinity of Washington or in the various 
shipbuilding yards all along the coast. Many of our members have 
given up good positions to offer their services to the nation. The man 



10 REPORT OF SECRETARY-TREASURER 

who so ably presided at our convention last year (in this room) turned 
his fine engineering practice over to others and is now a major in 
the national service. We have from among our members a number 
oi ^majors, twa lieutenant colonels- and others of lesser rank in . the 
service. 

Our association has received favorable consideration from the 
railroad administration and we have not been handicapped in any 
manner in carrying out our work which we deem so important at this 
time to our members, our fellow workmen and the railroads which 
we represent. Everything considered, it may be said that our asso- 
ciation is in a healthy and prosperous condition. Our membership 
is keeping up fully as well as could be expected, yet it is true that 
there are many large roads from which we have no representatives 
and others from which we have only one or two. Our members are 
keeping up their dues fully as well as in other years. Our dues have 
not been raised and while for several years past w« have not kept 
even, — gradually reducing our surplus in the treasury — we are able 
this year to show a balance on the right side of the ledger. We have 
perhaps the lightest dues of any similar organization in the country and 
it our members will pay up promptly in the future it may not become 
necessary to increase them while we will also be enabled to meet our 
obligations without drawing on our reserve which is now in the vicin- 
ity of $900. It is gratifying to know that many of our old members 
who have attained the highest ranks in railroad service "stand by the 
old ship " and continue to say words of praise for the work accomplished 
by t*he association. While most of us are doing our " bit " many are 
doing their best, — in committee work, soliciting new members, secur- 
ing advertisements or perhaps speaking a good word here and there 
for the association wherever and whenever they can. It is impossible 
for the secretary and the other officers to carry the entire load and 
make the outcome a success. 

While we have not received notice of any fatalities among those 
who are engaged in military service the grim reaper has been busy in 
our ranks and our roll has suffered the loss of eleven members by 
death, due recognition of which will be made by the obituary commit- 
tee as well as by the publication of fitting memoirs in our proceedings 
each year where the information is available. 

A separate memorial volume of 93 pages was published and dis- 
tributed during the past year on the life of the lamented "Deacon" 
S. F. Patterson who was perhaps the most unique character in the 
history of the association. Further reference will be made by the 
special memorial committee. 

Upon the action of the convention at its meeting a year ago con- 
gratulations were sent to our member, Mr. Phelps Johnson, presi- 
dent of the St. Lawrence Bridge Co., upon the successful completion 
of the world's greatest bridge at Quebec in reply to which a letter 
of appreciation was received which will appear in the minutes of this 
convention. 

The regular number of copies of the proceedings of the last meet- 
ing (1200) was published and distributed, — 800 copies being bound in 
cloth and 400 in paper covers. 

It has been the custom in the past to furnish the leading libraries of 
cities and colleges with our publications and this custom is still in 
vogue. 

The financial report follows: 

Chicago, October 14, 1918. 

Financial 
Balance on hand at last report $ 957.79 
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Receipts 

Dues and fees $1,159.00 

Advertising 1,203.60 

Sale of badges 7.25 

Sale of books 21.55 

Interest 48.00 

Total receipts $2,439.40 

Total on hand and received $3,397.19 

Disbursements 

Postage $ 121.35 

Printing and engraving 1,191.47 

Stationery and office supplies 21.85 

Editing 70.00 

Stenographer 90.00 

Expenses various committees 6.00 

Badges 11.73 

Salaries and office rent 800.00 

Convention expenses 22.70 

Telephone and telegraph 2.30 

Miscellaneous 16.00 

Total disbursements .-. . $2,353.40 

Balance on hand Oct. 14, 1918 $1,043.79 

Of the above amount $800 has been loaned out on first mortgage 
notes at 6 per cent and the balance of $243.79 is on hand in the bank. 

Respectfully submitted, C. A. Lichty, Secy-Treas. 

The report was accepted and the president appointed R. C. 
Sattley, J. S. Robinson and M. Riney to audit the books and- ac- 
counts of the secretary-treasurer. The president also appointed 
a committee on resolutions consisting of F. E. Schall, J. P. Wood, 
and P. J. O'Neill. Several announcements were made, after which 
the ladies were permitted to retire from the hall. 

The President: — We will now have the report of the com- 
mittee on membership. 

REPORT OF MEMBERSHIP COMMITTEE 

During the year a circular letter was issued similar to the one used 
last year which was sent out with application blanks. The commit- 
tee received very good support from individual members and new 
members were secured from all parts of the country. A great deal 
can yet be done in securing new members for there are several large 
railroads which have few or no representatives in the association. 

Despite the fact that it was a difficult year, for many reasons, 
to get new members the committee is able to submit for your approval 
the attached list of 48 applicants. 

E. M. McCabe, 
N. C. Ailes, 
A. W. Reynolds, 
J. K. Bouner, 
A. H. King, 

Committee. 
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LIST OF APPLICANTS FOR MEMBERSHIP 

Alexander, S. Y., Gen. For. B. & B., St. L. B. & M., Kingsville, Tex. 

Bainbridge, C. N., Asst. Engr., C. M. & St. P., Chicago. 

Batey, W. A. Supv. B. & B., U. P., Kansas City, Mo. 

Bennett, D. E., For. B. & B., Mo. Pac, De Soto, Mo. 

Busier, T. W., Plumb. For., B. & A., Pittsfield, Mass. 

Caldwell, C. H., For. B. & B., Sou. Pac, E. Bakersfield, Cal. 

Colclough, E., Gen. For. B. & B., A. T. & S. F., Fresno, Cal. 

Creeks, J. L., For. B. & B., Sou. Pac, Dunsmuir, Cal. 

Curry, Jno., For. B. & B., Mo. Pac, McGehee, Ark. 

de Ximeno, A., C. C. S. C., Obispo 59 altos, Havana, Cuba. 

Dillabough, J. V., Asst. Dist. Eng., C. N. Edmonton, Alberta. 

Eskridge, F. A., Archt., C. & E. I., Chicago, 111. 

Frazer, H. H., Div. For. W. & F. Service, S. P., Dunsmuir, Cal. 

Golson, W. P., Roadmaster, C. of Ga., Macon, Ga. 

Griffith, W. J., Mas. For., B. & A., Pittsfield, Mass. 

Haag, Orin, Carp. For., B. & O., Garrett, Ind. 

Hartwell, J. R., Supv., P. R. C. & N. W., Pierre, S. D. 

Harvey, T. J., Br. Insp., B. & A., Pittsfield, Mass. 

Hillman, F. W., Div. Engr., C. & N. W., Madison, Wis. 

James, Wm., Carp. For., I. C, New Orleans, La. 

Kendall, R., Mast. Carp., C. & W. I., Chicago. 

Little, C. A., Div. For. B. & B., B. & M., Concord, N. H. 

McMahon, G., For. B. & B., Sou. Pac, Dunsmuir, Cal. 

McMahon, Thos. D*., Archt., G. N., St. Paul, Minn. 

May, Frank, For. B. & B., Mo. Pac, Charleston, Mo. 

Moore, C. J., Mast. Carp., St. L. S. W., Pine Bluff, Ark. 

Moreau, C. L., Gen. For., B. & A., Springfield, Mass. 

Morin, T., Br. For., B. & A., Pittsfield, Mass. 

O'Connell, J., Ptr. For., B. & A., Pittsfield, Mass. 

Oetzman, E., Gen. For. W. S., A. T. & S. F., Fresno, Cal. 

Paul, C. E., Prof. Mechanics, Armour Inst. Technology, Chicago. 

Porter, G. F., Engr. Const., St. L. Br. Co., Montreal, Que. 

Porter, J. W., Ch. Engr., H. B. Ry., The Pas, Manitoba, Can. 

Purdy, G. A., Supv. B. & B., M. K. & T.. Denison, Tex. 

Rehmert, D. L., Mast. Carp., P. C. C. & St. L., Bradford, Ohio. 

Reynolds, J. W., Carp. For., O. S. L., Pocatello, Idaho. 

Roberts, A. C, Supv. B. & B., Mo. Pac, Monroe, La. 

Sayles, H. H., For. B. & B., S. L. & S. F., Cape Girardeau, Mo. 

Shobert, Fred, For, B. & B., Sou. Pac, Bakersfield, Cal. 

Soothill, F. H. Bldg. Supt., 111. Cent, Chicago, 111. 

Strate, T. H., Val. Engr., C. M. & St. P., Chicago, 111. 

Sturdevant, A. H., Mast. Carp., C. R. I. & P., El Reno, Okla. 

Sughrue, T. G., Supv. B. & B., B. & M., Nashua, N. H. 

Tamplin, J. F. Supv. B. & B., C. of Ga., Macon, Ga. 

Walker, Fred, For. B. & B., O. S. L., Wellsville, Utah. 

Webster, E. R., Asst. Engr., C. M. & St. P., Marion, Iowa. 

Welch, W. F., Asst. Br. For., B. & A., Pittsfield, Mass. 

Whitlock, L. M., Asst. For. B. & B., Mo. Pac, McGehee, Ark. 

The secretary was authorized to cast a ballot electing the 48 
applicants to membership. 

REPORT OF THE EXECUTIVE COMMITTEE 

One meeting of the executive committee was held during the year. 

Congress Hotel, Chicago, March 20, 1918. 

The meeting was called to order by the president, S. C. Tanner, 
with the following executive members present: S. C. Tanner, Lee 
Jutton, C. R. Knowles, Arthur Ridgway, F. E. Weise, J. P. Wood, W. 
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F. Strouse, J. S. Robinson, J. H. Johnston and C. A. Lichty. Past 
presidents in attendance were, A. S. Markley, J. H. Markley, J. N. 
Penwell, A. Montzheimer, L. D. Hadwen, and C. A. Lichty. Other 
members present were, R. C. Sattley, W. O. Eggleston, J. D. Black, 
E. T. Howson, J. Dupree, and B. R. Kulp. 

The question was brought up as to the advisability of changing the 
location of the 1918 convention from New York City to some more cen- 
tral point as it was thought by many that it would not be wise under 
the existing conditions to hold the meeting in New York City. A 
number of other cities were considered, among the most prominent 
being Cincinnati, Chicago and St. Louis. After considerable discus- 
sion it was decided to hold the convention in Chicago. 

The president appointed Messrs. Knowles, Jutton and Weise a 
committee on arrangements for the next convention. 

No further business appearing the meeting was adjourned. 

C. A. Lichty, 
Secretary. 

The President: — We will now have reports from the other 
standing committees. 

REPORT OF COMMITTEE ON RELIEF 

Joliet, III, Oct. 14, 1918. 

To the Members of the American Railway Bridge and Building Asso- 
ciation : 

The committee on relief has received no requests for assistance 
during the year. It is indeed a pleasure to make a report of this 
character and indicates .that our members are in very satisfactory 
circumstances. Respectfully submitted, 

Arthur Montzheimer, 

Committee. 

REPORT OF THE OBITUARY COMMITTEE 

Salem, Mass., Oct. 12, 1918. 
To the Members of the Association: 

God in his divine wisdom, has seen fit to remove from our active 
membership and transfer to that greater membership the following: 
T. H. Bridges, McGehee, Ark., W. S. Danes, Peru, Ind., C. W. Lamb, 
Pine Bluff, Ark., W. R. Lanning, St. Maries, Idaho, E. S. Meloy, Chi- 
cago, J. C. Nelson, Norfolk, Va., S. J. Powell, Ogden, Utah, C. A. 
Redinger, Selma, N. C, A. P. Rice, Columbia, S. C, R. E. Todd, Mad- 
ison, Wis., and D. C. Zook, Ft. Wayne, Ind. 

Be it resolved that we hereby express our sense of bereavement 
and loss, that a copy of this resolution be spread upon our records and 
also sent to the families of our departed brothers with assurance of 
our grief and sympathy. Respectfully submitted, 

B. F. Pickering, 
Committee. 

The report of the committee was adopted. 

Letters and telegrams were read from a considerable number 
of members who were unable to be present, among them being 
past presidents, Pickering, Andrews, Rear, Killam and Smith. 

The President: — This completes the preliminary business. 
We will now take up one of the subjects for report and discus- 
sion before the noon hour. We will first take up the report on 
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Repairing and Strengthening Old Masonry. As the chairman, Mr. 
Strouse, is not present we will ask the secretary to read the report. 
(See report and discussion.) 

A representative from the Liberty Loan committee gave a 
"four minute talk" on the Fourth Liberty loan after which the 
meeting was adjourned until 2 p. m. 

AFTERNOON SESSION 

Tuesday, October 15, 1918. 

The meeting was called to order by the president at 2:15 p. m. 
The discussion on the report of the committee on Repairing and 
Strengthening Old Masonry was continued for a short time. 

The president then called on E. T. Howson to introduce C. 
A. Morse, who read a paper entitled, " What is Essential Work?" 

E. T. Howson: — When the railroads passed under Govern- 
ment control on January 1st all of the problems incident to their 
operations were transferred into the hands of the Government. 
Bridge and building men automatically came under the jurisdic- 
tion of the Government. The railway administration has had to 
build up a new organization. One of the most important branches 
is naturally that for the maintenance of existing properties. 

About two months ago a man from Chicago, known person- 
ally to a considerable number of men in this Association, and 
known by reputation to all of them, was appointed Assistant Di- 
rector of Maintenance in charge of maintenance work on all the 
railroads under Government control. Mr. Morse, who was chosen 
for that work and who is going to speak to us now on Essential 
Work, was at that time chief engineer of the Rock Island Sys- 
tem and formerly of the Sante Fe System. He has spent his en- 
tire active life in railroad work. Mr. Morse is particularly fitted 
for this position in the federal Maintenance of Way organization 
because he has so long been an active student of maintenance 
problems. He is now president of the American Railway En- 
gineering Association. 

When Mr. Morse was asked to speak before this Association 
the suggestion was made that one of the most acute problems 
confronting bridge and building men is to determine what is es- 
sential work, and Mr. Morse has consented to speak for us on 
that topic. 

Mr. Morse: — I have written out what I have to say, know- 
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ing that I think better sitting down than I do standing up, but 
before reading what I have prepared I want to give you a little 
idea of a few things I have picked up in Washington that possi- 
bly have st)me bearing- on what I. said in the pap^r. 

We all know about the shortage of labor. The shortage of 
material is greater even than I realized until I went there and got 
into the game. On rail, for instance, we are going to be in the 
neighborhood of half a million tons short for 1918 and there are 
many railroads that didn't order, being afraid of the price which 
ranges from $30 to $35 and up to $40. For 1919 there is every 
prospect of our being a million tons short, or of our getting only 
about two-thirds of the rail next year that we require. 

On ties, they figure that the requirements this year were 126 
million. The Purchasing committee which handles that say that 
the best we can do is to get 70 per cent of this number so that we 
will also be very short of ties. 

I don't know just where we stand on material for bridges and 
buildings but I have been connected with the War Department in 
connection with the Division of Construction since I have been in 
Washington and since I have found out what they are doing I am 
wondering how we get any material. They have an organization 
at the present time in which they have 323 construction quarter- 
masters, practically engineers. The head of the division told me 
that when they completed these 323 projects they would have 
spent a billion dollars on buildings and construction in connection 
with them. 

In addition to this the shij>-building operations are requir- 
ing an immense amount of work in housing. I was in Newport 
News the other day and saw a group of buildings they are put- 
ting up to take care of their employes. They are building similar 
groups of buildings all over the country where they are doing 
shipbuilding. 

The President : — Mr. Morse has come from Washington to read 
this paper to us. I will be glad to entertain a motion that we show 
our appreciation by giving him a rising vote of thanks. 

A rising vote of thanks was then tendered to Mr. Morse. 

The President: — We were to have some remarks by Dr. von 
Schrenk on the Material Problem on Thursday but as he will not be 
able to be with us on that day we will ask him to discuss this subject 
no\v. 
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REMARKS BY H. VON SCHRENK 

H. von Schrenk: — I have failed to prepare a formal written 
report, but I will be very glad to say a few words about the material 
situation. All I can possibly say at this time is to echo in very 
strong words the general remarks which Mr. Morse has just made 
in regard to the economical use of material. 

I know that for many years all of us have wanted the best 
and many have been the requisitions for the highest classes of ma- 
terials when others would have been sufficient. The time is upon us 
now when we have little choice. We are confronted with the sit- 
uation that lumber, steel and other materials simply are not avail- 
able. 

The bridge man is facing the problem of maintaining structures 
without materials and labof — in other words he must depend on 
his wits. I want to speak briefly about the practical question, " How 
can we best use our wits in meeting the present situation?" 

Last year we maintained a rather optimistic viewpoint in re- 
gard to the materials necessary in the construction of bridges, but 
with the demand from the various departments of war, the de- 
mands on the part of the large shipbuilding organizations, the 
poor railroad man is left with practically no material. Yellow pine 
timber is practically unknown. Douglas fir, of which we used to 
hear a good deal, cannot be counted on with any degree of regu- 
larity. Still we can't run trains on thin air. 

Here is the first suggestion: We can repair those parts of a 
bridge that are in halfway condition so that they can still serve. 
Last year I suggested the use of small boxes with rock salt im- 
mediately under the caps of pile bridges. There are many pile 
bridges today which we would renew under ordinary circumstances 
— that is, the piles have probably decayed far enough to remove. Up 
to the present time we cannot get the piles or the preservatives to 
treat them. Many of these piles which under ordinary circum- 
stances we would remove, we ought not to remove now if we can 
in any way secure a year or two additional service from them. I 
have yet to find any scheme which does the work for so low a cost 
as those boxes under the caps filled with rock salt, because they 
are self-feeding. They can do very little harm and may do a great 
deal of good. 

The last time that I looked at spans built in Southern Louis- 
iana five years ago they looked like alabaster; I couldn't drive a 
knife in them and they have every appearance of lasting two or 
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three times as long. When it comes to stringers and caps, many a 
stringer is defective in certain spots. This is a time for us all 
to consider board planing very seriously — even stringers, if they 
have to be re-sawed for the purpose of developing the use of such 
pieces as are good in the form of laminated construction. We did 
that a few years ago. Think how many pieces can be combined in 
one and made to serve in a manner fully as serviceable as if one 
had used a new stick of wood. 

To use untreated material may seem like taking a step back- 
ward but that is absolutely essential today. We have two preserva- 
tives, creosote oil and zinc chloride. A large percentage of creo- 
sote oil comes from Europe. We have available less than approx- 
imately fifty million gallons of creosote oil. This must supply the 
army, navy and shipbuilding board and the railroads. The War In- 
dustries board has gotten up a very workable scheme of relative 
necessities for these materials. Of course the railroads generally 
come last in this list. 

Creosote oil will be available to some extent. We have just 
been advised that they are going to distribute a supply of oil from 
Washington for such railroad jobs as may be proven necessary. 
We have to build our structures without that oil wherever we can. 
For instance for stringers, guard rails, etc., use as much good heart 
material as is possible so as to avoid the necessity for treatment but 
on the other hand where it is essential that you should have some 
oil you should not have any hesitation in asking for it with a rea- 
sonable expectation of getting it. 

Zinc chloride, which we hear so much of as taking the place 
of oil, is not available either. In the manufacture of zinc chloride 
we have to have sulphuric acid, an essential in the manufacture of 
munitions and an important chemical needed by the army abroad, 
so no faith should be pinned on the supply of zinc chloride. 

At a meeting held to discuss the use of preservatives for wood 
we all came to the conclusion that it is necessary at this time to 
close our eyes to many of the high standards we would recommend 
in ordinary times, and that we should now favor the use of methods 
and materials if they will serve even for a comparatively short 
period. 

A further point which I believe should be brought out at this 
time is this : We ought to use every bit of material that can be ob- 
tained as close at home as possible. We ought to avoid to the very 
utmost the necessity of shipping material any greater distances than 
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possible. We have been accustomed to using white oak and white 
pine in the past, considering them essential and the only kinds of 
wood we could use. The United States is blessed with a great 
many classes of timber, a nuinber of which we dkki't think- were 
fit for anything. A few years ago we thought that a stick of 
beechwood placed in a station platform would be a half mile away 
by the time you were once around the station. That is practically 
true but let me say this to you — "necessity is the mother of inven- 
tion" and we are confronted at the present time with a condition 
of not what we would like to do but what we have to do. It is 
amazing, if one will open his eyes, to find the species of wood im- 
mediately available which one can well afford to take a chance on 
today. 

Track men have become aware of this condition more quickly 
than bridge men. For instance, we are using sycamore ties that 
we rejected 12 months ago. Our principal endeavor should now be 
to ascertain the materials which are available under our local con- 
ditions. 

In that connection I am going to suggest that some one of your 
committees investigate and tabulate information as to the relative 
stresses which it would be safe to use with the various hardwoods 
that are available. You ought to have information available in your 
Association which would tell at a glance what factors of safety it 
would be possible to attain from different woods which are native 
to you. Take red oak, for instance, which we have considered 
unfit for use because of short life. Its use would remove the ne- 
cessity for many sticks of beech, white oak and other timbers. It 
seems to me that this information should be spread broadcast. 

Another point that I have noticed recently in making inspec- 
tions which we want to pay increased attention to is the question of 
fire. As our bridges grow older the danger from grass fires at 
their ends increases and bridges that we considered fire safe a few 
years ago are not now so considered. 

Salt boxes such as I spoke of will be of much advantage in 
putting out sparks. By their use a great many piles could be saved 
which at the present time are rapidly approaching decay. Menac- 
ing conditions of this kind can very frequently be remedied by cov- 
ering the timbers with small pieces of metal or by the application of 
temporary fire protective paints. 

The upshot of this rather rambling discussion is that we will 
have to broaden our viewpoint as to the fitness of the materials 
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which we have, forget for the time being that we cannot do things 
unless we have the best, forget also for the time being that we have 
to use only specific classes of material and do the best we can with 
what we have with the anticipation that we are not going to get 
any more. Above all we must use our wits in making what lit- 
tle we can get give us the very utmost length of service. 

The President: — Dr. von Schrenk's discussion deals mostly 
with the different woods we use. I believe Mr. Howson can say 
something to us on the metal situation. 

Mr. Howson: — I have nothing of my own to offer but have 
some correspondence that came to me for presentation. We had 
hoped to have Mr. Parker or Mr. Powell of the Priorities division 
of the War Industries Board here to discuss the metal situation. 
They found that they could not be here so Mr. Powell gave me 
some data which he thought might be of value to our members. 

(As he was unable to be present at the convention T. C. Powell, 
a member of the Priorities Committee of the War Industries Board 
sent a written communication describing the work of this organiza- 
tion in conserving the steel putput of the country for the most es- 
sential needs. Abstracts from Mr. Powell's letter and from circulars 
of the War Industries Board will be found among the reports in this 
issue. 

The President: — We have a letter on the same subject, the 
conservation of metal, written by George W. Andrews. The Sec- 
retary will read the letter. 

(See letter elsewhere.) 

C. R. Knowles (chairman) was called upon to read the report 
on Water Supply, (a) Sources of Supply, (b) Wooden Tanks. 
(See reports and discussion.) 

The remainder of the afternoon was consumed in the discus- 
sion on wooden tanks. The meeting adjourned at 5 :30 to con- 
vene at 9 :30 a. m. Wednesday. 

MORNING SESSION 

Wednesday, Oct. 16, 1918. 
The meeting was called to order by President S. C. Tanner at 
10:00 o'clock. 

The President: — The first paper to be presented this morning 
will be "Carrying Bridges Over" by C. F. Loweth, chief engineer 
of the Chicago Milwaukee and St. Paul Railway. Mr. Loweth found 
it necessary to leave for Seattle yesterday morning with the Fed- 
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eral manager and wanted me to express his regrets at his not being 
able to be present. He has asked Mr. Stevens to read his paper. 

(See paper and discussion.) 

The President: — We will not discuss this paper at the present 
time as we are honored with the presence of Mr. R. H. Aishton, 
regional director of the Northwestern region, who will tell us how 
bridge and building men can help win the war. 

REMARKS BY MR. R. H. AISHTON 

R. H. Aishton : — Mr. President and Members : I am very glad 
to come over here and meet with you. It is really surprising to me 
that, with the tremendous epidemic of influenza sweeping over the 
country, you have as large a representation as you have here today. 
I can well imagine that many of you would rather be somewhere 
else. 

What can you do to win the war? I don't know (and I say it 
truthfully) of any class of men unless it be the section men that 
has so wholly, so thoroughly and so well performed its work as 
the bridge and building men. There never has been a question about 
their giving 100 per cent service. It would be folly for me to offer 
any suggestions to you as to what you could do to help win the war. 
You are helping. You're doing everything in your power. I know 
it because I know the railroad men all over this country are do- 
ing the same thing. There isn't any question any more when any- 
thing arises as to whether we will do it or whether we won't. What 
goes through every man's mind ? Will it help the President ; will it 
help the soldiers* in France ; will it help win the war ? That's the 
thing that goes through their minds. It isn't a question of personal 
discomfort, it isn't a question of 44 hr. or 60 hr. work; it isn't a 
question whether we will ride or not. What is the final analysis 
that goes through every man's mind? The first thing he thinks is 
that it must help win the war. How could I oflfer any specific sug- 
gestion as to what you could do to win the war? 

This meeting today is responsible for that thought that is in 
every man's mind. You call it a War Council. What are you 
counseling about? You are counseling how to meet the conditions 
that have been brought about by this war. I notice in your pro- 
gram, "Carrying Over Bridges" by Mr. Loweth. What could I tell 
you about carrying over bridges? You folks know what to do; 
you know you are short of labor, you know you are short of ma- 
terial ; you know there are conditions you never had to meet be- 



MINUTES 21 

fore, — and this discussion that you are having here is an indica- 
tion of what is in your minds. YouVe got to do everything you can 
to carry over everything you can carefully, safely and efficiently, 
and do it with the things you have in hand. In other words, do 
more than you ever did in your lives with the material you have. 
That is your problem and you are working it out. We are all work- 
ing it out. 

You know the load these railroads are carrying. Very few peo- 
ple have any real conception of it. We thought we were busy two 
years ago when the war first started. It can't compare with the 
transportation being handled today. Take the matter of moving 
troops. Do you know that during the month of August 400,000 sol- 
diers were delivered at embarkation points and these soldiers were, 
some of them, moved from the Pacific to the Atlantic Coast? 

The Great Northern Railroad handled 19 passenger trains in 
one day. Every soldier had a bed, a bath and three meals every 
day through the entire trip. I mention the Great Northern because 
I happen to know about that. Do you know that for months the 
transportation lines have not only moved those soldiers but that 
for months seven soldiers have stepped oflf the gangplank every 
minute, day and night? Just think what that means ! A steady 
stream day and night! They have all had to be transported. It 
takes as much transportation here to transport them as it does on 
the boats. When you think of that you get some idea of what the 
transportation lines have to carry. 

They couldn't carry it for one minute unless you men that 
are sitting here and have control of the forces that bring about the 
conditions that make it safe to move those trains, — did not have 
in your minds continually the question "What can I do?" 

I could go through your entire program in like manner. Here's 
a report of a committee on Shipping Company Material Econom- 
ically. Any of the Northwestern employes can tell you that I have 
burned their hides more than enough on that kind of thing in years 
gone by. (Applause.) 

You can help a great deal. Every car that is moved over 
these railroads is moved with terrific effort nowadays. You can 
make up your minds that every car that a bridge man moves with 
a stick of timber, a handcar or something of that kind is taking the 
place of a car that ought to be going toward France and Germany 
with something that is absolutely needed on that battle front. Get 
that into your heads. Whenever you see a car moving over a rail- 
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road unnecessarily you can make up your mind that the fellow ship- 
ping that is a slacker. He rs working for the Kaiser just as direct- 
ly as Bernstorflf was. I am glad that subject, Shipping Material Eco- 
nomically, was placed on your program and I hope that when 
you go back you will spread that thought among all the men. 

When we think of what is going on over there in France I 
don't see how anybody can hold back, no matter whether it is money, 
time, effort or anything else. The least every man can do is to give 
everything he's got to clean this thing up. You know that the great 
American and soldier. Gen. John Pershing, stood before the tomb 
of Lafayette a few months ago and as he laid a wreath on his tomb 
he said, "Lafayette, we are here." He didn't mean he was there 
with 100,000 soldiers. He meant that the American nation was 
there with every cent it had, with every ounce of energy and blood 
it had. Haven't we got to make good on that? Your boy is there, 
my boy is there. Wouldn't we be lagging in our duty if we didn't 
give everything we have? Just think of that a little. That doesn't 
mean one thing or another, — it means everything. I made as heavy 
a subscription to the Liberty Loan as I thought I could; I went in 
debt for it, yet before night I intend going some more. I believe 
it is the duty of every American citizen to go clean to his neck. I 
believe he ought to go in debt for it and buy additional Liberty 
bonds. That's one way you can help. 

Mr. Weise: — I think we ought to show our appreciation by 
giving a rising vote of thanks to Mr. Aishton. 

A rising vote of thanks was tendered to Mr. Aishton. 

Mr. Aishton: — I appreciate that very much, Mr. President. 

The President: — We will now take up the discussion of Mr. 
Loweth's paper, — Carrying Over Bridges. (See discussion.) 

The next subject to be taken up is that of Shipping Com- 
pany Materials Economically of which Mr. Brantner is chair- 
man. As Mr. Brantner was unable to attend the convention I 
will ask the secretary to read the report. (See report and dis- 
cussion.) 

The remainder of the morning was taken up in the discus- 
sion of the latter report. 

The meeting adjourned at noon until 2 o'clock. 

AFTERNOON SESSION 

The meeting was called to order by the president at 2 p. m. 
Mr. Tom Lehon stated that he had the pleasure of meeting Major 
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C. E. Smith (president 1917) a few days previously at Washington 
where he is in the service of the Government in planning camps 
^nd cantonmfints. Mr. Smiih sent gceetings to the. members in 
convention. 

The President: — ^We are honored in having with us W. H. 
Finley, president of the Chicago & North Western, one of our 
members, who will talk to us for a few minutes. 

REMARKS BY MR. W. H. FINLEY 

W. H. Finley : — I have always taken a lively interest in this Asso- 
ciation, and I only regret that I have not been able to attend all of its 
conventions. The few that I have attended, I have enjoyed very 
much indeed. I do not believe that there is another association of 
this kind in the United States that brings together the practical 
and the theoretical men as this does. I say that advisedly. I know- 
that a lot of us are theoretical and a lot of us are practical. I 
do not know of any organization of railroad men that really 
means more to the railroads than this Association. I still have a 
very distinct recollection of the time it was first formed and the 
criticism, the controversy and the discussion as to the necessity 
for such an organization. The great difficulty and trouble in form- 
ing any sort of an organization is the cry that goes up, "We have 
organizations enough, why create another one?" 

I have looked forward with a great deal of pleasure to the 
reports of this Association's conventions because I knew that 
everything that was published in your proceedings was the result 
of an intimate knowledge of the subjects that you reported upon. 
I do not beHeve that, in all of the various organizations connected 
with railroads, any association has done more or given more 
toward the practical advancement of railroading than this asso- 
ciation. (Applause.) 

I also know that the bridge and building men of the rail- 
roads have been a quiet, uncomplaining set. They have met their 
problems on all occasions and have carried them out in storm 
and stress; they have worked uncomplainingly in all kinds of in- 
clement weather; they never asked any odds and they carried out 
the tasks that were set before them. I believe there is no set of 
workmen, with probably one exception, on the railroads of the 
United States today that has received less recognition for the 
services they have rendered the railroads than the bridge and 
building forces. 
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I will always hold in grateful remembrance my early asso- 
ciation with the superintendents of bridges and buildings of the 
only two roads that I have ever worked for. I have been out 
with them on all sorts of trips and on all occasions. We never 
asked any odds of each other. We always met the issue. To- 
day when I look back in retrospection over somew^hat more than 
a quarter of a century of engineering and railroad experience, I 
always hold in warm remembrance my association with the bridge 
and building department employes of the railroads that I have 
been connected with. As I said before, they have been an un- 
complaining lot, they have done their work, they have asked no 
odds and I hope that they will now in the immediate future get 
their reward. 

The conditions confronting the bridge man in an emergency 
can only be compared in a modified degree with what our sol- 
diers, our bridge builders, are going through over in Europe to- 
day. I have followed this, as all of you have, with a great deal 
of interest as far as bridge building was concerned. One of 
the first things in this war that struck me with a great deal of 
force was the description written by a newspaper writer of the 
entry of the German army into Belgium. He described the Ger- 
man general riding over into Belgium and asking for the sur- 
render of the forts at Liege. Being refused he rode back, and 
the bridge was immediately blown up by the Belgians. 

The German pioneers were the bridge builders and engineers 
who were sent forward to replace that bridge. Think of it for a 
moment! They were not excited by the question of war or com- 
bat. They were simply workmen trying to build a temporary 
bridge across the river while the Belgians were taking shots at 
them. That requires a higher degree of courage in my opinion 
than it does to go over the top in the front trench when you have 
all that inspiration of combat and fight in you. The same thing 
was done by the Americans when they bridged the Marne after 
the Germans had succeeded in crossing it and were driven back. 
They bridged the Marne under the fire of the Germans. They 
bridged it standing waist high — shoulder high — in water, with- 
out any possible opportunity to do anything but the work they 
were doing. They were not fighting. If you can stop for a mo- 
ment and visualize that condition on the Marne, of those en- 
gineers being there with one purpose, to put a bridge across so 
that the American forces could cross. They did it although the 
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German sharpshooters and machine guns were sweeping the 
stream from one side to the other. We are giving them every 
credit. 

When I was quite a young man I was living within probably 
two or three blocks of where the Baltimore & Ohio line from 
Baltimore to Philadelphia crosses the Brandywine river. Being 
a young man and just starting in on my life's work I paid more 
attention probably to the construction of that bridge and it made 
a greater impression than later work has made upon my mind. 
The track was about 115 ft. above low water mark and the bridge 
was an ordinary pin-connected deck truss. They put up false 
work that I think the majority of you would laugh at today. 

The timber was mortised and tenoned as if it was going to 
stay there during the life of the bridge. They were just driv- 
ing the last pin, working at night, when a freshet came down the 
river, took out their false work and dropped the bridge into the 
roaring torrent. 

Of course I got over there very quickly the next morning. I 
was interested, and anxious. When I arrived at the scene of 
the accident, I saw an individual out on the middle of a foot 
bridge directing the operations of recovering the wreckage of 
the bridge. I worked my way out to him and asked him some 
questions. He looked at me in a sort of pitying way and said: 
" Say, are you an engineer ?" I said yes. I was afraid I wouldn't 
have time to say it. He said, " Forget it,' (laughter) and he 
went on, in the words of Bret Harte, in language that was free, 
forceful and impolite, directing the forces in recovering the bridge. 

To give you an idea of how the ordinary layman looks upon 
some of these things connected with bridge building, I am go- 
ing to tell you a story. A very eminent engineer of this country, 
Dr. Waddell of Kansas City, wrote a book about bridges and 
bridge specifications years ago. He gave it the Latin name of 
de Pontibus. It contains valuable information as to bridge con- 
struction, bridge design and bridge specifications. Some years 
ago the Northwestern was building a line in Wisconsin and I 
happened to be out on the work when I received a telegram to 
go to Sheboygan and find a letter that would be there for me. 
I went there and found the letter which stated that the bridge 
over Pennsylvania Avenue, I think, had been closed to traffic. It 
seriously interfered with access to the Northwestern freight 
house and station and I was instructed to see the city engineer 
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and see if we could not arrive at some way of fixing the bridge 
up so that it could be put in service. When I went around to 
the city engineer's office the first man I saw in there was an en- 
gineer from a competing company. I said to him, " You know 
what we are here for, let's go down and look at that bridge." He 
said, "All right." It was a drawbridge with a couple of fixed 
spans across the Sheboygan river. I was quite surprised to find 
that he was agreeing with me on almost every point that I raised 
about the bridge and its condition and I was at a loss to just un- 
derstand the situation. Of course, the strefet car company was 
anxious to run cars across. I induced the street car company to 
run some of its heavy cars down there and made some fancy 
tests as to emergency stops, etc. After we got through with it, 
we made some rough figures as to the maximum stresses in the 
drawbridge. 

I said, " Gentlemen, this bridge is all right. No reason to 
put it out of service. You need not put those barriers back." 

The members of the board of public works who were with 
us were all German excepting one fellow named Kelley and I 
had a sneaking suspicion that he was not German. (Laughter.) 
They said, " That is all right but we will not put that bridge in 
service unless you give us a written opinion over your signature 
that that bridge is safe." I said, "I will be glad to do that." 

We went back to the city engineer's office and I wrote out 
an opinion regarding the bridge and its safety for the traffic pass- 
ing over it, signed it and handed it to the chairman of the board. 
Kelley said, "Would you like to see the report of our consult- 
ing engineers on this bridge?" Well, I was absolutely taken back. 
It had never entered my mind that they had secured the services 
of a consulting engineer to investigate the safety of the bridge. 
I said I would like to see it and he handed it to me. 

The first thought that occurred to me as an engineer was, 
"How am I going to preserve the ethics of the profession? Here, 
evidently, is a consulting engineer who has condemned this bridge 
and I have said it is all right. How in the w^orld am I going to 
square this thing and get an even break and not discredit the 
profession?" 

I started to read his report in which he said that his firm 
had a great many years of experience in designing, examining 
and repairing bridges and that they never condemned a bridge un- 
less it was beyond all hope. After a careful examination of the 



MINUTES 27 

bridge and an analysis of the stresses he found that, according 
to the loading of de Pontibus this bridge was over-stressed and 
he gave the over-stressage, . running up to nearly 300 per cent. 

Just then a happy idea struck me. I thought I saw a way of 
saving the ethics of the profession without discrediting my fel- 
low engineer so I turned to the board of public works and I said, 
"Gentlemen, I think your consulting engineer is all right. This 
bridge is not strong enough to carry de Pontibus. Do you run 
de Pontibus over the bridge ?" One gentleman said, " No, sir, 
I never saw von on the streets of Sheboygan." 

I said, " The bridge is safe as long as you don*t run de Pon- 
tibus over it. Are you willing to put up a sign that this bridge is 
safe for everything but de Pontibus?** They were quite willing to 
do it and started out to prepare a sign that de Pontibus couldn't 
run over the bridge. There isn't any doubt that the majority of 
the people up there today think that de Pontibus is some sort of 
a steam road roller. 

That was the one and only occasion in my life when I was 
able, by a method of that sort> to maintain the ethics of the 
profession. 

This war and the times we are going through are epochal. 
Nothing like it has ever happened in the history of the human 
race. The conditions that we must meet, the questions that we 
must solve are questions that were never presented before in the 
history of our race. They are broad, they are far-reaching. In 
my opinion there is going to be an entire change of conditions 
and social usages that have existed in the past. It is up to all 
of us to give these problems the broadest, most careful consid- 
eration, to give them all the thought we can. 

One thing has distinguished the United States in comparison 
with any other Government or any other country in the world and 
that has been its individualism — the fact that we could develop 
along our own lines. You might differ with me; we might not 
agree, but you had the right to go along your own lines and I 
along my lines and reach the solution of the question as we thought 
it should be reached. That has, in my mind, been the biggest thing 
that has put the United States today where it is. It is so differ- 
ent, gentlenlen, from what has been the custom in Germany. 
There one pattern was held out to all the people. They lived up 
and grew up simply to that pattern. They could not go beyond 
it. They could not deviate from it. You see the result. 
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Here, in the United States we have counted on individual- 
ism, individual effort and individual initiative. It is this that has 
made the United States what it is today, a country that in this 
war has made an effort that was not dreamed of by any country 
or government in the world. We were smiled at and laughed 
at by even our friends; that this peace-loving nation, this nation 
of commercialism, of " dollar chasers," as they chose to call us, 
could never meet this supreme effort if it was put upon us and yet 
in less than one year and a half our accomplishments have been 
far beyond any of the military nations of Europe. It is some- 
thing that is going to stand in history as one of the most remarkable 
things that ever took place in the history of the human race — 
the warlike effort that the United States has put forward. We 
know, and always knew, that we were not a warlike nation. We 
didn't pride ourselves on our military strength but almost every- 
thing that is used in Europe in this war today is an American 
invention. The machine gun that the German army today is rely- 
ing upon more than any other arm is an American invention. The 
only other thing that is overcoming it, the British tank, is an 
American invention. The flying machines are an American in- 
vention. The submarine is an American invention. Yet we are 
not a warlike nation. 

I never realized fully what our individualism meant until I 
read Dentist Davis' articles on his associations with the Kaiser. 
He related one incident that to me was very illuminating. It was 
this: After an exhibition of the Wright flying machines in Ger- 
many some years ago the Kaiser turned to Davis and said : " Davis, 
I envy your country its inventive genius." He did not realize, 
and probably does not today, that that inventive genius came from 
the kind of government we have, the kind of government that did 
not interfere with individuals — that did not set up that the State 
was everything and the individual nothing. 

It is an easy thing to change our ideas, to change our form 
of government even under military pressure. I hope and trust 
that every man within hearing of my voice will still believe in, 
and will still lend his efforts and his best endeavors to preserve 
the individualism of the American citizen. Thank you. (Applause.) 

The President: — I would like to ask the gentlemen to indi- 
cate by a rising vote of thanks their appreciation and thanks for 
Mr. Finley's remarks. 

(Audiences rises and applauds.) 
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The President called on F. E. Weise to read his report on 
Labor Saving Devices. (See report and discussion.) 

REPORT OF THE AUDITING COMMITTEE 

Chicago, Oct. 16, 1918. 
To the Officers and Members of the American Railway Bridge and 
Building Association: 
We have examined the books and the accounts of the secretary- 
treasurer and find them to be correct as given in the report. 

J. S. Robinson, 
R. C. Sattley, 
M. Riney, 

Committee. 

The secretary stated that reports had not been received on 
the subjects of " Concrete/' and " Painting Metal Structures." 

(A paper on " Factory-Made Reinforced-Concrete," by Charles Gil- 
man, bearing particularly on this subject, is reprinted elsewhere in this 
volume.) 

H. A. Gerst read the report of the committee on Bridge Floors 
and Guards. (See report and discussion.) 

J. P. Wood read the report on the subject of Small Versus 
Large Gangs for Maintenance Work. (See report and discussion.) 

The committee reports being completed a vote was taken at 
3:30 to decide if the remaining business should be completed dur- 
ing this session or carried over until Thursday morning. The 
vote was unanimous that the work should be completed Wednes- 
day afternoon and the convention brought to a close. 

REPORT OF COMMITTEE ON NOMINATIONS 

Chicago, Oct. 16, 1918. 
The Committee on Nominations recommends the advancement of 
the present officers and executive members as has been the custom in 
the past. E. T. Howson has been recommended for election to fill 
the vacancy on the executive committee caused by the death of D. 
C. Zook, and the name of C. W. Wright as the sixth member of said 
committee. R. H. Reid, 

J. P. Canty, 
J. B. Sheldon, 

Committee. 

ELECTION OF OFFICERS 

W. M. Camp moved that the rules be suspended and that A. 

H. King cast the ballot for the convention, electing the officers and 

executive members recommended in the committee's report. The 

motion was carried which resulted in the election of the following: 

Officers: Lee Juttori, president; F. E. Weise, first vice president; W. 
F. Strouse, second vice president; C. R. Knowles, third vice president; 
Arthur Ridgway, fourth vice president; C. A. Lichty, secretary-treasur- 
er. Executive Members: J. S. Robinson, J. P. Wood, A. B. McVay, 
J. H. Johnston, E. T. Howson and C. W. Wright. 
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President Tanner: — Before retiring from the office of presi- 
dent, which I have had the honor to hold during the historical 
year of 1918 I wish to thank each and all of you for your loyal 
support, and especially the chairmen and the members of the 
various committees. The fiscal year which is just closing has 
been a memorable one. We have had many perplexing problems 
to contend with. There were times when we did not know wheth- 
er or not we would be permitted to hold a convention and it be- 
came necessary to take the matter up with the Railroad Admin- 
istration, when it was decided that we could continue in the regu- 
lar way. Then about the time we were preparing to go to the 
convention the terrible epidemic of influenza was prevalent and 
this has given us a noticeable setback for attendance. Many of 
our members had all arrangements made to be here but were final- 
ly detained on account of conditions growing out of the epidemic. 
Nevertheless, we have had a successful meeting and I wish to 
thank you all for your faithfulness. 

Mr. Jutton, will you please come forward? You have been 
elected president of this association which is the highest honor 
it can bestow upon any of its members. In presenting this gavel I 
can assure you that there are no " slackers" in this organization, 
and I bespeak for you the loyal support of its members that they 
have given their officers in the past which is a record that any or- 
ganization can be proud of. 

President Jutton: — Mr. Tanner and Fellow Members: I 
want to say that I am truly grateful for the honor you have ac- 
corded me. I realize fully that with this office goes the responsi- 
bility of keeping our association in a healthy condition and I will 
certainly give my best eflforts. I must also say that in accomplish- 
ing the best ends it will be necessary for me to have the support of 
all the members and I only ask that I be given the support you 
have given our presidents in the past. It will be necessary for 
our committees to work faithfully to keep up the reputation they 
have established in former years. I thank you, gentlemen. 

The other officers were duly installed. 

The President: — We will now decide where the next con- 
vention will be held. Nominations are in order. 

A. H. King nominated New York City, stating that the execu- 
tive committee had the right to change the location if for any 
reason it became necessary. 

J. Dupree nominated Washington, D. C, but the nomination 
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was withdrawn after remarks made by President Tanner wherein 
he stated that the city of Washington was a very poor place to 
meet as the hotels were very much crowded and likely would be 
for some time to come. 

W. M. Camp nominated Philadelphia, followed by St. Paul, 
by E. T. Howson; F. C. Baluss placed in nomination Atlanta, R. 
H. Reid, Cleveland, and L. Jutton, Indianapolis. 

The ballot resulted in the selection of Cleveland, the vote 
being made unanimous. 

REPORT OF COMMITTEE ON SUBJECTS 

Chicago, Oct. 15, 1918. 
To the Chairman and Members: — 

The committee on subjects submits the following list, which is 
to be completed at the March meeting by adding new subjects and in- 
viting various members and others to submit papers, as has been the 
custom in late years: 

Methods and Equipment Used in Renewing Timber Bridges. 

Inspection and Repairs of Roofs. 

Methods of Bridge Inspection Under Present Conditions. 

Economical Use and Storage of Fuel at Railway Pumping Stations. 

Painting Metal Railroad Structures. 

Tools. 

Paper, — Railway Fire Equipment. 

Respectfully submitted, 

F. E. Weise, 
E. T. Howson, 
C. E. Smith, 

Committee. 

The secretary recommended the names of the following mem- 
bers for life membership : Ed Gagnon, retired supervisor of 
bridges and buildings on the Minneapolis & St. Louis; Amos H. 
Beard, retired master carpenter, Philadelphia & Reading, and Al- 
bert Mountfort, pensioned division foreman of bridges and build- 
ings, Boston & Maine. 

The above named members were elected to life membership. 

C. R. Knowles made a motion that if the Association had 
any money to spare it might be invested in Liberty bonds. It was 
voted to leave this to the discretion of the executive committee. 

The Secretary : — I wish to state that in accordance with the 
instructions which I received at the last convention I wrote to 
Phelps Johnson, president of the St. Lawrence Bridge Co., at 
Montreal, conveying to him and his Company the congratula- 
tions of the Association upon the successful completion of the 
great Quebec bridge. 
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The following communication was received from Mr. John- 
son in reply : 

C. A. Lichty, Secretary, 
My Dear Mr. Lichty: — 

I have been absent from Montreal for a week or so and upon 
my return I find awaiting me your letter conveying to me and my 
Company the congratulations of the Association upon the success- 
ful completion of the Quebec bridge. I am indeed very pleased to 
have your communication for I appreciate that the congratulations 
come from a body of men who really know what was involved in the 
work we have done and who are best qualified to pass judgment up- 
on it. 

With best wishes for yourself and the Association. 

Yours very truly, 
(Signed) Phelps Johnson, 
Pres. St. Lawrence Bridge Co., Ltd. 

PATTERSON MEMORIAL 

W. M. Camp reported on the Patterson Memorial as follows: 

The proceedings of the special memorial meeting held at 
last year's convention were edited and published in a special 
volume and these were sent to the members and the usual de- 
positories where our proceedings are kept. 

A subscription was taken for a memorial block and tablet 
to be placed on the burial lot. That subscription, together with 
subsequent contributions which were sent in during the winter, 
now amounts to $210.75 which is in the hands of the treasurer. 
A canvass of the art market developed that it would be unwise 
to carry out the plan at present on account of war conditions. It 
is my understanding that this matter was to be deferred until 
conditions are more favorable. 

The President: — If there are no objections the committee 
will be continued until its work can be accomplished under more 
favorable conditions. 

We will now have the report of the committee on resolutions. 

REPORT OF THE COMMITTEE ON RESOLUTIONS 

Chicago, Oct. 16, 1918. 

Resolved: — That the thanks of the Association be extended to the 
following individuals and corporations: 

To the United States Railroad Administration for sanctioning the 
holding of this meeting: 

To Messrs. R. H. Aishton, C. A. Morse, W. H. Finley and C. F. 
Loweth for their interesting and instructive papers and addresses: 

To George F. Porter, for the interesting photographic views, 
moving pictures and address on the erection of the Quebec bridge: 

To C. K. Melton for presenting slides, moving pictures and lec- 
ture on Mississippi river flood protection: 

To the Pullman Company for extending half rates and to the 
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various railroads for the transportation of our members and their 
families to and from the convention: 

To the New York Central for transportation to and from the 
Universal Cement Company's plant at Buffington, Ind.: 

To the Universal Portland Cement Company for inviting our mem- 
bers to visit their plant and for the excellent lunch provided: 

To the press and technical journals and their representatives in 
reporting the activities of the convention: 

To the officers, chairmen and members of committees, who, un- 
der existing trying conditions, gave their time and efforts which re- 
sulted in the success of this convention: 

Be it further resolved that these resolutions be spread on the min- 
utes and the secretary instructed to forward copies to all parties in- 
terested. 

Respectfully submitted, 

F. E. Schall, 
J. P. Wood, 
P. J. O'Neill, 

Committee. 

The President: — This completes the business of the twenty- 
eighth annual convention and I wish to thank you all for the good 
attendance and close attention to business. Although the attend- 
ance has not been up to the average of recent years this has been 
on account of conditions resulting from the war and more so on 
account of the raging epidemic of Spanish influenza in all parts 
of the country which has kept many from attending who would 
otherwise have been here. Despite war conditions it appeared 
a short time ago that we might have a record attendance. The 
Federal managers of the railroads certainly did all they could to 
assist our members in getting here. 

We will now adjourn to meet in Cleveland the third Tuesday 
in October, 1919, unless it is deemed wise by the executive com- 
mittee to change the location of the convention. 

C. A. Lichty, 

Secretary. 
Reported by Master Reporting Co., Chicago. 
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MEMOIR 

JOHN C. NELSON 

John C. Nelson, engineer maintenance of way of the Seaboard Air 
Line, died at Norfolk, Va., on October 6, following an attack of Spanish 
influenza. He was born at Belton, Texas, on November 3, 1862, and 
entered railway service with the Richmond & Mecklenburg Railroad, 
as a rodman on an engineering corps, in July, 1882. From February, 
1883, to April of the same year he was a levelman with the Richmond 
& Danville Railway, from which time until February, 1884, he was resi- 
dent engineer with the Richmond & Mecklenburg road. From the 
latter date until March, 1891, he was assistant engineer on the Cincin- 
nati, New Orleans & Texas Pacific and from March, 1891, to May, he 
was resident engineer on the Louisville Southern. After three months' 
service with the Cincinnati, New Orleans & Texas Pacific as an assist- 
ant engineer he went with the Cleveland, Cincinnati, Chicago & St. 
Louis as engineer maintenance of way on the Cincinnati division, with 
headquarters at Springfield, Ohio. In September, 1899, he was appoint- 
ed division engineer on the eastern division of the New York Central & 
Hudson River Railroad, with headquarters at New York, where he re- 
mained until 1902, when he returned to the Cincinnati, New Orleans & 
Texas Pacific as roadmaster. In 1907 he was appointed engineer main- 
tenance of way of the Seaboard Air Line, which position he held until 
the time of his death. 

Mr. Nelson was highly esteemed by his associates and his sudden 
death was a great shock to them. During the eleven years of his con- 
nection with the Seaboard Air Line Railway, he had impressed his 
personality upon his associates in a manner which will long be remem- 
bered. 

He became a member of the American Railway Bridge and Building 
Association at Jacksonville, in 1909. 



W. R. LANNING 

Wm. R. Lanning was born near Ottumwa, Iowa, on June 25, 1869. 
He received his education in the public schools, leaving at the age of 
15 to learn the carpenter trade. His first railroad experience was gained 
with the old Chicago, Ft. Madison & Des Moines Railroad; in March, 
1893, he was employed by the Chicago, Milwaukee & St. Paul Railway 
as a carpenter. Shortly after this he left to work at his trade elsewhere 
and also took up contracting and building. In 1907 he again entered 
the service of the C. M. & St. P. Ry., being located at Pontis, South 
Dakota, where the construction of the Puget Sound line was under way. 
In 1907 he was made carpenter foreman and in August, 1908, he was pro- 
moted to the position of chief carpenter, which position he held until 
March, 1915, when he was obliged to take a leave of absence because of 
ill health. After a few months he again returned to service as chief 
carpenter at St. Maries, Idaho, in which position he remained until his 
death on Apr. 8, 1918. 

Mr. Lanning was in poor health for the last few years of his life 
and his trouble was largely aggravated by exposure during washouts 
in the Bitter Root mountains near Avery, Idaho, during the latter 
part of 1917. He died at his home in Missoula, Mont, on April 8, 
1918, leaving a wife and three sons, Russell, Burdette and Harold, the 
latter being a sergeant in the United States army. He was connected 
with the Christian church of Missoula, Mont., and also belonged to the 
Fraternal Brotherhood. 

Mr. Lanning took a very active part in the work required by the 
railroad during the fires in the Bitter Root mountains in 1910, and fre- 
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quently referred to this period as being the most important in his rail- 
road career. The following extract from an article published in Every- 
body's Magazine of December, 1910, indicates the active part which Mr. 
Lanning took in that event: 

"On the day the fire became unmanageable there were no fewer 
than 1,000 people along the line of the C. M. & P. S. railroad in the 
48 miles between Avery, Idaho, and Haugan, Montana. These were 
mainly railway employees, their wives and children, and refugees from 
the interior, although there were many tradespeople in the villages. 
Four work trains were busy on that stretch of track under the direc- 
tion of C. H. Marshall and W. R. Lanning, superintendent and chief 
carpenter, respectively, of the Missoula division. A telephone message 
to Superintendent Marshall from the girl operator at Kyle, a small sta- 
tion, gave the first alarm of the approaching fire. While they were 
talking the wires went down. 

" Marshall and Lanning at once ordered two of the trains to pro- 
ceed along the line, picking up everybody. * Don't pass anybody, no mat- 
ter who it is, and put every living soul aboard,' whether they want to 
go or not,' was the order given to the trainmen and a few American 
laborers who, the railroad officials knew from past experience, were 
the only men in the jumble of nationalities upon whom \they could 
depend. 

" Before the trains had gone far the fire was in sight. From moun- 
tain to mountain the flames leaped, with the speed of a fast train sow- 
ing brands upon the slopes to kindle slower, even more deadly fires. 
With the fire came the gale. Stones of a pound weight, gravel, dust, 
debris of the forest, were hurled before it, and soon clouds of smoke, 
fire-tainted, scorching, thicker than ever, completely obscured the sun. 

" More than 400 people were herded into the cars east of the St. 
Paul Pass tunnel by Lanning and carried into the great tube, which is 
almost two miles long. There they remained in safety, suffering some- 
what from smoke. Under the direction of Superintendent Marshall 
several hundred were taken out by the way of the east to Haugan. In 
another, and shorter tunnel, 200 people found refuge. They were pulled 
there on a train by Engineer Roberts, who ran a blazing bridge, over 
700 ft. long and 100 ft. high, to put them there. When they reached 
the tunnel the fuel oil in the tank was frying. 

" But that did not take care of the people. Scattered along the 
line between the great tunnel and Kyle, Idaho, were many whom it 
seemed impossible to save. The fire was pouring across the track, 
many bridges were going. * We'll make a try for it, just the same,' said 
Lanning. 

"An engineer and a fireman volunteered for the perilous venture, 
likewise a conductor on one of the work trains. With an engine and 
three cars they set out. It was apparent to all as they proceeded that 
they would never be able to return to the big tunnel. When the 
train reached the refugees huddled along the track, many of them 
had to be lifted in bodily, cutting from their backs rolls of blankets 
and any other inflammable material. Water in barrels at the ends of 
the bridges was boiled and evaporated away, the staves burning down 
to the level of the water as it sank. Fish in the streams were cooked; 
for days they floated, by thousands. Ties were burned out of the rail- 
road track, the rails were buckled and kinked like wire. Everything 
was swept clean to the tunnel's mouths. 

"After 48 hours in this hot dungeon, chief carpenter Lanning 
walked out, to find 19 of his bridges burned in 48 miles of track. He 
went to work to replace them. With 500 men, working night and day, 
he labored. In 11^ days he rebuilt 16 bridges, ranging from 360 
to 775 ft. in length, and from 16 to 120 ft. high, every one of them stand- 
ard permanent bridges. It was one of the most stupendous achieve- 
ments in the history of railroading. 
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" Besides that, Lanning alone, has to his credit 500 human lives. 
He hasn't much to say about it; only this: *An American owes that to 
his country and his kind.' " 

EDWARD S. MELOY 

Edward S. Meloy, an assistant engineer in the engineering depart- 
ment of the Chicago, Milwaukee & St. Paul Railway was born in 
Waterbury, Connecticut, on March 9, 1860 and died in Chicago, Illinois, 
on July 8, 1918. He began his railroad career as a rodman with the 
New York and New England Railroad in 1878, following which he was 
resident engineer with the N. Y. C. & St. L. Ry., locating engineer with 
the M. & O. R. R., and in charge of track laying with the B. H. T. & 
W. R. R., and the C. & N. W. Ry. In the autumn of 1886 he entered 
the service of the C. M. & St. P., and was located successively at 
Chillicothe, Mo., Marion, la., Milwaukee, Wis., Tomah, Wis., and Chi- 
cago, 111. At the time of his death he was assistant engineer in charge 
of bridge inspection and bridge erection. In his efficient, loyal and con- 
scientious service of over 30 years he made many friends. The funeral 
service was conducted by Bishop William O. Shepard of the Methodist 
Episcopal Church, a warm personal friend of more than 20 years' 
acquaintance, from whose remarks the following brief abstract is 
taken : 

" Mr. Meloy was a substantial man to lean upon. He was stead- 
fast, loyal, certain and true. You can easily tell that by the fact that 
he continued in one employment, rising to greater and still greater 
honor and responsibility, for a third of a century. During all that time, 
he was constant in doing his part, in his place, with increasing efficiency, 
— doing his part of the necessary work of the world. 

" If I were to try to put into a single word what I thought was 
characteristic of Mr. Meloy, I think that I should have to use the word 
* faithfulness,' or the word * loyal,* or the word * constancy.* And I 
should not be quite satisfied with any one of these words, but should 
wish to bring in some suggestion of his gentleness, and gentlemanliness. 
He was one upon whom you could depend. He would not make a rash 
promise at all. But he would make a promise to a friend, and keep it." 



D. C. ZOOK 

Dennis Coder Zook was born March 14, 1852, in Wyandot County, 
Ohio, son of Daniel and Nancy (Steele) Zook, both natives of Pennsyl- 
vania. He received his early education in the common schools in the 
vicinity where he was born. After a thorough knowledge of carpentry 
Mr. Zook entered the employ of the Pennsylvania railroad on June 1, 
1873. Ten years later he was made foreman of a carpenter gang at 
Valparaiso, Indiana, which position he retained until 1897 when he re- 
ceived the title of master carpenter in which capacity he served with 
headquarters at Fort Wayne, Ind., until his death. 

Mr. Zook had been in failing health for several years but his condi- 
tion was not considered serious until a few days before his death, when 
he was removed to the Deaconess hospital at Indianapolis at which 
place he slept away apparently without pain on the morning of March 
28, 1918, from heart disease. 

In his long continuous connection with the Pennsylvania railroad 
Mr. Zook came to be known and respected as one of the company's most 
venerable and valued employes. His death ends a long career of efficient 
and devoted service and represents a deep sorrow to his hosts of acquaint- 
ances in railroad and lodge circles in Fort Wayne. He was an ardent 
member of the Methodist Episcopal church and an esteemed member of 
the Masonic fraternity. He joined the American Railway Bridge and 



Building Association in 1902, and attended most of the conventions since 
that time, always being accompanied by his wife. 

Mr. Zook is survived by a wife and five children— two daughters and 
three sons. One daughter,— Edith; — is the wife of F. A. Taylor, master 
carpenter of the Baltimore & Ohio, at Cumberland, Md. 

Interment was at Lindenwood cemetery at Fort Wayne. 

ALVA PEYTON RICE 
(By Captain Charles S. Dwight) 

Mr. Rice was a native of Robeson County, North Car 
born on July 7, 185S. His father was a substantial and re 
and a faithful soldier during the entire i 
Virginia under General Robert E, Lee. 

When only a stalwart youth A. P. Rice left home with only his 
father's blessing to seek his fortune in the great world. In that stirring . 
time of rebuilding the war-ruined south, he at once found place vfith 
companies of bridgebuilders, whose work was exactly suited to liis re- 
markable strength and untiring energy. In this service he spent many 
years most successfully, earning high reputation in the construction and 
erection of many important bridges and trestles on the great railways 
of the south. 

But his best work was yet to be done. In 1903 William G. Childs, 
president of the Columbia, Newberry & Laurens R, R., appointed A. P. 
Rice roadmaster. This railroad had been rapidly and cheaply built. 
It was well located, but it was wholly devoid of ballast and had an ex- 
cessive amount of wooden trestle which was getting beyond even radical 
repair. The rapidly increasing tonnage of engines and traffic was prov- 
ing too heavy for the light rail and " dirt " roadbed. The president wisely 
decided to ballast the roadbed, and replace wooden trestles with earth. 



steel and masonry. Here was the problem of the engineer and the road- 
master, especially the latter. At once Rice's qualities came into play. 
He was peculiarly gifted in discerning what was needed and where it 
was most needed, how to get what was needed by convincing the presi- 
dent of the need, and then in using his material most quickly and advan- 
tageously; and he had learned, too, that the best material is the cheapest, 
and would use no other except in emergency. 

Beginning with the worst places and working systematically, his 
labors soo"n began to tell. Long before his death on December 24, 191?, 
"slow orders" which had been the bane of the road had become only 
a memory, entire winters passing without the issuance of one. Rice's in- 
genuity and resourcefulness were displayed in the building and mainte- 
nance of so many temporary structures under which permanent construc- 
tion was eSected; there was never a mishap or failure; in replacing a 
bridge 2,217 feet long there was not an accident nor a delayed train. 

Alva P. Rice was a strong man intellectually and morally. With the 
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most limited opportunity for e 
broadminded man and a useful 
ejttensive reading. 

The deep sense of loss that is felt by the president, the engineer and 
the entire staff of the Columbia, Newberry and Laurens Railroad, and 
more poignantly, of course, by his own family, is the true measure of his 
. real worth and character, 

Mr. Rice married. Dec. 12, 1888, Miss Nannie Elizabeth Maund, of 
Columbia, Alabama, who, with a grown son and daughter, survives him. 

Mr, Rice was a Mason, an Oddfellow, a Knight of Pythias, and a 
member of the American Railway Bridge and Building Association and of 
the Roadmasters' Association. 



C. A. REDINGER 

Charles Austin Redinger was born near Ridgeway, Mo., May 2S. 
1886, and died at a sanitarium near Boerne. Texas, March IS, 1918. He 
attended high school in his native town, completing the four year course 
in three years at the age of 18. He soon afterward went to St. Louis 
where he secured employment with the circuit court as stenographer and 



copyist. Here he began the study of civil engineering, working during 

the day and studying at night. He took private lessons from Professor 
Brown at Washington University as well as a course in one of the cor- 
respondence schools. Later he secured a position with the Southern 
Railway and continued in the service of that road until the time of his 
death. He held various positions in the engineering department and 



n his work until he was compelled to seek rest at the Boerne 
rhere he went in November, 1917, thinking the warmer climate 
during the winter might be a benefit to his health. 

Mr. Redinger is survived by his father and mother, three sisters and 
two brothers. He was a consistent member of the Methodist church and 
the funeral was conducted from his home church at Ridgeway. 

He joined the American Railway Bridge and Building Association 
in 1912 at the Baltimore 



W. S. DANES 

W. S. Danes was born at Belleville, Mich., July 7, 18S3, and died 
February 22, 1918. from apoplexy at the Frances E. Willard hospital, Chi- 
cago. 

Mr. Danes entered the service of the Wabash railroad in 1880 and 
the diligence that marked his entire railroad career resulted in promo- 
tions successively to bridge foreman, master carpenter, superintendent 
of bridges and buildings and engineer maintenance of way. 



He was widely known and highly respected as a citizen in Pern, 
Ind., where he had made his home for many years. He is survived by his 
widow, Alice Cain Danes. 

Mr. Danes was a Knight Templar, 32nd degree mason, a shnner, and 



S. J. POWELL 
(By A. H. King) 

S. J. Powell was born July 11, 1851, at Winchester, Franklin Co., O., 
and died as the result of a surgical operation in April, 1918. 

Mr. Powell began service with the bridge and building department 
of the Union Pacific In 1879 and was later transferred to the Oregon 
Short Line where he occupied the position of division foreman at the time 
of his death. He was of an exceptionally genial disposition and made 
friends wherever he went. He learned his trade thoroughly and was rated 
as a first class foreman. He leaves a widow, three grown daughters and 
a. son in military service in France. Interment was made from the Catho- 
lic church at Ogden, Utah. 

Mr. Powell joined the Association in 1911. 
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COMMITTEE REPORT 

Last year's report consisted of a compilation of the replies to the 
questionnaire prepared by Mr. Gauthier before his departure for over- 
sea duty. Owing to the great stress under which railroad men engaged 
in construction and maintenance work are now laboring because of_ 
conditions brought about by the world war, it was not thought ad- 
visable to follow the same plan this year. 

As all the members of the committee are now, or have been more 
or less intimately associated with work embraced by the above 
subject, they were requested to furnish data from their own experi- 
ence which could be embodied into a report. Before proceeding, however, 
with the report proper, prepared from the data submitted, I have deemed 
it advisable to refer, in more or less detail, to the report submitted by 
the masonry committee of the American Railway Engineering Associa- 
tion in 1911, in which are given the more common causes of masonry 
failure, or conditions, the results of which bring about the necessity of 
repairing and strengthening masonry. While the above report deals 
particularly with concrete construction, it is applicable in its essential 
features, to all classes of masonry, and treats this particular phase of 
the subject in a much broader manner than was done last year. 

The following causes are mentioned: 

(1) Faulty design. 

(a) Where masonry. is placed on grillages above the water line, or 
where the water level is lowered after construction, causing the grillages 
to rot and allowing the masonry to settle. 

(b) Where the grillage rests on piles and where the designer used 
too high a stress for timbers in compression. 

(c) Where the wing walls of U-abutments were built too light. 

(d) Where the designer or engineer used too high a unit pressure 
on the earth, or on piles upon which it was to rest. 

(e) Settlement of the body of a structure causing cracks to appear 
where the wings leave the main portion of the structure or, in the case 
of arches, at points back of the parapets. 

(f) Lack of proper drainage. 

(2) Poor material or poor workmanship. 

(3) Temperature cracks. 

(4) Disintegration of the masonry. 

(a) On account of the freezing and thawing of exposed surfaces 
of masonry, particularly where water drips through an arch ring, or 
where the masonry near the ground is exposed to alternate freezing and 
thawing. 

(b) On account of masonry being exposed to salt water, alkalies, 
acids or heat. 

(5) Improper filling. 

(6) Scouring away- of the material underneath the masonry. 

(a) On account of unusual freshets. 

(b) On account of driftwood, wagon bridges, etc., lodging against 
the masonry. 

(c) On account of ice gorges. 

(d) On account of the size of the opening being too small, which 
causes the water to rise during a freshet, and which increases the ve- 
locity of the stream sufficient to scour away the material underneath 
the masonry. 

(7) Material sliding and carrying the masonry with it. 

41 
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Faulty Design 

If settlement resulting from faulty design, cases (a), (b) and (d), is 
not uniform in large structures they will probably crack unless rein- 
forced so as to prevent settlement cracks. An ordinary single track 
abutment up to about 20 or 25 ft in height would probably settle without 
cracking. If the abutment were built in sections, the different sections 
would be divided in a vertical plane and prevent unsightly cracks. 

In the case of arches (f) under high fills and supported on ordinary 
soils it is difficult to prevent cracking of the abutments and ring un- 
less reinforcemtent is used, x)n account of the pressure- on the founda- 
tion in the center of the arch being very great when compared with the 
pressure at the ends of the wing walls. Thie monolithic character of an 
arch of standard design is not strong enough to distribute the load uni- 
formly over the foundation and when a slight settlement occurs in the 
center, it is liable to cause cracks that are unsightly but not necessarily 
dangerous. 

Poor Material or Poor Workznanship 

Failures due to poor material or workmanship can be avoided with 
proper care. Portland cement, as now placed upon the market, is very 
reliable and few failures can be traced to this important ingredient. The 
use of dirty sand or a poor grade of stone generally rests with the 
engineer. Workmanship can not be controlled as readily where in- 
efficient or unskilled labor is employed. However, a competent inspec- 
tor can generally get satisfactory results. 

Temperature Cracks 

Temperature cracks will always occur in long walls, although some 
railroads report abutments built of plain concrete in lengths of 60 to 
100 ft., without cracking and when reinforced in lengths of 150 ft. 
The engineering profession is not now so widely divided on the effect 
of temperature changes in ordinary monolithic structures and expansion 
joints are generally introduced at intervals of from 40 to 50 ft. As 
masonry expands and contracts more than the adjacent material, it 
follows that it must be built strong enough to overcome the friction 
or fail. 

Disintegration of the Masonry 

Disintegration case (a) can be prevented in the case of arches and 
to a great extent in abutments and retaining walls by proper water 
proofing which will prevent dripping or seepage and the consequent 
results of freezing and thawing on the surfaces. Very little protection 
to exposed surfaces, however, can be provided beyond the use of the 
most durable material available, placed in a thoroughly workmanlike 
manner. 

Improper Filling 

A properly designed monolithic structure will resist failure, due 
to careless or improper filling, better than a structure built in sections. 
This is another instance where proper inspection and supervision can be 
exercised to good advantage. 

Scouring of the Material Underneath the Masonry 

In designing structures over sti§ams the size of openings should 
be such as to take care of the maximum amount of water that is likely 
to come to the opening. It frequently happens, however, that the amount 
of water is underestimated or that the opening is blocked with drift- 
wood, ice gorges or other material, which either induces scour in the 
bed of the stream or raises the high water mark or both. Should the 
scour extend below the foundations the structure is liable to settle for- 
ward or bodily downward. A monolithic structure will resist failure bet- 
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ter than one built in sections, but cracks are liable to occiir in either 
event. Complete failure in many instances can be prevented by reliev- 
ing the pressure at the back or placing struts across the opening. 

Haterial Sliding and CarTTUig the Hasonrj With It 

A properly designed monolithic structure will resist failure due to 
material sltdins and carrying masonry with it better than a structure 
built in sections. However, we have many cases of record where the 
need of repairing and strengthening old masonry was not brought about 
by any of the causes above enumerated. Many old structures would have 
lasted indefinitely had not the weight of rolling stock been increased 
beyond that for which they were originally designed. 

The stresses due to increased loading have been multiplied many 
times in the case of structures built 50 or 60 years ago, and those which 
have not failed or shown signs of distress were either designed for 
much heavier loadings or were exceedingly well built. For this reason 
one should not be too hasty in concluding that failure was due to faulty 
design. A case bearing on this point, will be treated later. 

We should not lose sight of the fact that engineers today have 
much more reliable and accurate data upon which to design the ma- 
jority of'tnodern railroad structures than had the engineers of the early 
days of railroad construction. Many recent failures of masonry btiift 
of limestone, for example, vfould not have occurred under the loading 
for which the structures were designed. This stone, except the better 
grades, will not stand up under present traffic. The same might be 
said of concrete unless properly reinforced and built of high grade ma- 
terials of proper proportions. 

Attention has already been called in the early part of this paper, 
to the fact that many masonry failures are not due to any of the seven 
causes mentioned but to overloading the structures. Very positive 
proof of this assertion can be found upon, looking into the history of 
two of the oldest masonry structures on the Baltimore & Ohio Rail- 
road. Incidentally these bridges are among the oldest, if not the oldest, 
railroad bridges of their class, not only in the United States, but in the 
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The first and oldest of these bridges is a double track atone viaduct 
having a total length of 297 ft., in the center of which is an 80 ft. semi- 
circular arch spanning Gwynns Falls near Mt. Clare Junction, Baltimore, 
Md. It was erected by James Lloyd in 1829 of native granite cut to a 
true surface and laid in lime mortar. The retaining or wing walls 
forming the approaches to the arch are reinforced at intervals of 25 ft. 
by massive battered pilasters extending the full height of the structure, 
the top of which is 65.5 ft. above the bed of the stream. 

Instead of filhng the space above the arch and between the parapets 
as is the present day custom, longitudinal brick walls 12 in. thick and 
spaced 3 ft. center to center, with cross walls of similar construction 
located at S ft. intervals were constructed on the haunches and over 
the arch, upon which were placed granite slabs 12 in. thick, to form the 
subgrade of the roadbed. The parapets or side walls originally extend- 
ed to a height of about 4 ft. above the track grade. 

As new ballast was placed from time to time, the track grade was 
gradually raised, until at the present time, it approximates the grade of 
the top of the parapets. This and the increased weight of rolling stock, 
produced a greater thrust against the parapets than they were designed 
to stand. It was therefore necessary to take down and rebuild the 
wall on one side about two years ago and the other is now being treated 
in a similar manner. To prevent a recurrence of the trouble experienced 
in the past, these walls are being reset with concrete backing extending 
well back under the tracks to take the thrust from the walls proper. In 
resetting the face stones special care is taken to place them in their 
former positions to preserve as far as possible the original character 
of the structure. Outside of this work, and sealing with concrete the 
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foundation under the west abutment of the arch, which had been ex- 
posed by erosion, no repairs have heretofore been made and the balance 
of the structure, after about 89 years of service, is in an excellent state 
of preservation. Had the original grade been maintained, it is probable 
that no repairs to the superstructure would have been necessary for 
many years to come. 

The second bridge above referred to, while not quite as old, is 
still of greater historical value. It is known as the Thomas Viaduct, 
and crosses the Patapsco river at Relay, Md„ about 8 miles west of 
Baltimore. It is a double track bridge consisting of a series of eight 
semicircular arches, each having a span of 58 ft. at the spring line, the 
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total length of the structure being 612 ft. with a height of 59 ft. above 
the bed of the river. It was built of native granite in 1833 to 1835. 
The subgrade or roadbed of this structure was also formed by the 
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construction of brick longitudinal and cross walls supporting granite 
slabs as described for the viaduct over Gwynns Falls. The feature of 
special interest in this structure, however, is the fact that it is located 
upon a four degree curve. With the exception of resetting the parapet 
walls several years ago, which failed for the same reason given in the 
case of the Gwynns Falls viaduct, no repairs have been necessary, and 
the balance of the structure is apparently in as good condition as when 
first built, after about 83 years of service. 

From the accompanying photographs and text it will be noted 
the general designs of the two structures were very much the same, 
except that in the Gwynns Falls viaduct the exposed surfaces of all 
masonry were dressed to a fairly smooth surface, with panels in- 
troduced in the large blank spaces between the pilasters and above the 
arch ring, while all exposed surfaces of the Thomas viaduct except the 
inn?r surfaces of the ring stones were left with rock face finish. 

To the writer the most remarkable feature surrounding these old 
bridges, is the fact, that when they were designed the equipment in 
use was undoubtedly lighter than the present day automobile truck. 
Notwithstanding this fact, they are today carrying as heavy traffic as 
any bridges in the country, and bid fair to continue to meet growing de- 
mands for many years to come. In view of the foregoing, the question 
naturally arises — did the engineers who designed and built these struc- 
tures, foresee the possibilities of the wonderful growth in railroad 
traffic and realize what tremendous loads such structures would eventu- 
ally have to carry? Whether they did or not, the bridges stand as 
monuments to the engineers in whose minds they had their inception. 
For many years they were in a class by themselves and they may never 
be surpassed. 

A case illustrating a failure under Cause VI was. described in the 
Engineering News Record of July 25, 1918, page 186-189, in which is 
given a report on the repairs of a washout under the Coon Rapids dam 
in the Mississippi river about 11 miles above Minneapolis, which oc- 
curred Sept. 1, 1917. The dam in question was of concrete construction, 
and extended across the Mississippi river, having a length of about 
1000 ft., a height at the spillway of about 21 ft., with a width of base of 
27 ft. 9 in. The material upon, which it was constructed was a glacial 
drift formation. The ^outh bank was a so-called hard-pan to a height 
of about 20 ft. above low water, but in reality it was a mixture of sand, 
gravel and clay,, very hard in places, though easily crumbled in the 
fingers when broken off in small pieces. It was practically impervious 
to any head created by the d^m. The material, however, had a decided 
dip to the north and after f)assing below the river bed it was overlaid 
by a deposit of clay containing ., a large percentage of fine sand. The 
clay deposit, extending in general from the river bed down to the hard- 
pan, was interspersed with p6ck6ts of sand of varying degrees of fineness. 
Near the north end of the ,*.spillway it was overlaid by a deposit of 
boulders and sand. The failure occurred in this vicinity. 

To provide a safe foundation for the dam, wood piles were driven, 
with bearing values of, -10 tons per pile. Cut-off walls of steel sheet 
piling were placed under the heel and toe of the dam, the sheeting being 
driven to such a. d6piii as to penetrate at least 5 ft. into material that 
would be impervious, at the head developed by the dam. This depth was 
determined by*' test borings, the maximum length of steel piles being 
25 ft. A concrete apron extending 50 ft. beyond the toe of the dam, 
also supported by wood piles, was provided, in the toe wall of which 
was a line of 8-ft. steel sheet piling to prevent scour from cutting back 
under the apron. 

A power house was located at the north end of the dam above de- 
scribed at the head of an island, in what was a north channel. For- 
merly this channel, being the deeper of the two, carried probably more 
than half the flow during floods, but after the plant was built practically 
the entire flood flow went over the spillway into the shallow south chan- 
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nel. This condition was a factor in the erosion which took place below 
the dam. It was assumed that with the high velocity in the south channel, 
due to its greatly increased discharge, there would be some scour until 
the river reestablished a permanent condition of flow. 

The dam and power house were completed in Jan., 1914, at which 
time the gates were closed. The spring flood of 1914, though not of 
large proportions, carried a quantity of logs over the spillway. Sound- 
ings made after the flood showed that considerable erosion had taken 
place, but not near the apron. It was therefore considered safe to 
await further developments. 

The flood of 1:915, considered to have been the maximum for this 
part of the river, amounted to more than 60,000 cu. ft. per second. Sound- 
ings made in the fall showed that irregular scouring had proceeded along 
the entire length of the spillway. The conditions were such as to make 
it necessary to provide protection before the next flood. Timber cribs 
about 24 ft. wide with their tops below the top of the apron were sunk 
against the toe of the apron for more than half the length of the spill- 
way section. 

Soundings made during the winter of 1916-17 showed that the 
cribbing had been damaged considerably, and that erosion had extended 
so that protection work of a more extensive character was rendered 
necessary. After studying the situation with the aid of a contour map 
prepared from soundings, it was decided that a coffer dam should be 
built around the hole during the following summer to permit the pump- 
ing out of the water and the placing of a concrete floor or paving, after 
the high water of 1917. This flood carried large quantities of logs and 
heavy ice over the spillway so that while the flood "was not nearly as 
great as that of 1915 it probably caused more scouring than any previous 
one. 

Construction of the coffer dam enclosing an area below the apron 
for about two thirds the length of the dam was started in June. On 
August 11, 1917, the hole was unwatered and by August 31 it was ready 
for filling with concrete. Up to this time no leakage or seepage had 
been observed coming from under the dam. However at 2 A. M. Sept. 
1, the watchman noticed that the water in the hole was gaining on his 
pumps and he immediately reported it to the superintendent, but the 
flow developed so rapidly that the hole was filled with water before 
anything could be done to stop it, except to open the sluice gates and 
thus hasten the lowering of the dam level. 

Steps were taken immediately to build a rough coffer dam of rock- 
filled cribs, faced with wood sheeting placed by hand, to obstruct the 
flow of water under the dam and thereby retard or stop the erosion. 
In the meantime the ends of the break were covered with brush and sand 
bags to prevent it from widening. Materials were also ordered for a 
more substantial coffer dam in the reservoir. Steel sheet piling was ob- 
tained from Minneapolis, Buffalo and St. Louis on rush orders and a cof- 
fer dam about 350 ft. long extending about 150 ft. up stream was con- 
structed. The piling was driven to a penetration of about 30 ft. and 
was supported by rock filled cribs 16 and 24 ft. wide. 

When the coffer dam was pumped out it was discovered that a 
hole about 200 ft. long had been eroded under the dam. This hole 
was about 26 ft. deep in the center and sloped up to the base of the 
dam at each end. The foundation piles were not undermined so that they 
sustained the load and no portion of the dam was lost or seriously 
damaged, nor was there any settlement or sign of distress. The two 
lines of sheet piling under the dam were not damaged but they were 
undermined at the break by the washout. Two 54-ft. sections of the 
apron collapsed because the shorter piles and sheet piling used under 
the apron were undermined. 

In the original construction of the dam the sheeting and founda- 
tion piles where the washout occurred were driven from the ice before 
the coffer dam was built. The sheet piling was driven first. Con- 
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siderable difficulty was experienced on account of boulders and old log- 
ging cribs. There was some apprehension that these obstructions might 
split the webs of the piles or pull the interlock apart, but nothing of 
the kind was discovered. However, examination of the sheeting exposed 
revealed the fact that when one of the bearing piles was driven it had 
been set on the top of a steel pile, and while the former was badly split, 
it had nevertheless carried the head of the steel pile to the bottom 
of the adjacent piles, thus leaving a slot only partially filled by a wood- 
en pile. This condition was either not discovered by the inspector when 
the excavation for bedding the heads of the steel piles was made or, 
if discovered, the defect was not remedied by driving a new steel pile. 
This opening through the cut-off wall is considered beyond doubt the 
cause of the accident. 

Three plans for the repair work were considered, differing prin- 
cipally in detail, each of which presented its difficulties. The prin- 
cipal points to be determined were the bearing value of the clay and the 
possibility of constructing a new cut-off wall which would tie in with 
the old cut-off wall beyond the limits of the break. Plan A provided 
for filling the hole under the dam with 1-3-6 concrete, and facing this on 
thie up stream side with 1-2-4 concrete, encasing the heads of the steel 
sheet piles of the new cut-off which was to be driven about 5 ft. up 
stream from the face of the dam. Plan B provided for a similar con- 
struction except that the concrete was to be a lean mixture approxi- 
mating the adjacent hard-pan in rigidity. Plan C provided for a rein- 
forced concrete mat under the dam, upon which cross walls were to be 
built to support the undermined portion with a reinforced cut-off wall 
on the line of the old steel cut-off, bearing against the ends of the cross 
walls and carried well into the underlying hard-pan. The spaces be- 
tween the walls were to be filled with sand and the apron wall re- 
stored in its original form. 

The objections to plans A and B were the increased weight and the 
difficulty of bonding the new cut-off wall with the old, to make it con- 
tinuous and effective. The original steel cut-off was more than 2 ft. 
back of the face of the dam and as new steel could not be driven closer 
than 12 in. there would have been a gap of about 3 ft. between the two 
rows of sheeting. By slotting the face of the dam it would have been 
possible to turn the new line of sheeting at right angles to the axis of 
the dam and drive it up to the old sheeting, but no junction with the old 
sheeting would have been possible nor would there have been any as- 
surance of contact between the two lines. Plan C would eliminate this 
difficulty. 

Leakage of the coffer dam, however, was the deciding factor and 
plan A was adopted. The new cut-off wall, as driven, was 175 ft. long. 
The piling varied in length and was driven into hard-pan. The junc- 
tion between the old and the new cut-off walls at the south end was 
effected by excavating a well between the end of the new and the face 
of the old, down to the bottom of the former. A section of the old 
sheeting was cut out by a blow torch and sufficient excavation was 
made behind the sheeting to get a good bond. The well was filled with 
concrete. 

As the cutting of the sheeting and the excavation behind it was very 
difficult the method of making a junction at the north end was changed. 
An angle-iron was top-bolted to one of the piles in the old sheeting 
and the outstanding leg was embedded in the concrete. This method 
was much more easily carried out and resulted in more satisfactory 
work. 

On account of the close spacing of the bearing piles, the placing of 
concrete was very difficult except in the bottom of the hole where it 
could be spouted. In the hope of getting the concrete so solidly packed 
that grouting would not be necessary, the pneumatic method was em- 
ployed. Owing to inexperienced help, cold weather and adverse con- 
ditions generally the method was not entirely satisfactory. Some segre- 
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gation of materials occurred as the concrete was deposited, owing to 
difficulty in the manipulation of the outlet of the discharge pipe, on 
account of interference of the piles. Wearing away of the discharge pipe 
was another difficulty experienced. Notwithstanding the difficulties 
enumerated good work was done and it is considered that pneumatic 
placing was the only practical method under the circumstances. 

In last year's report, reference was made to strengthening a sec- 
tion of the retaining wall between the Chesapeake and Ohio canal and 
the main tracks of the Baltimore and Ohio at Point of Rocks, Md., 
during the winter of 1912-13. This work was done by contract, and, 
to avoid interference with navigation on the canal, it had to be done 
during the winter when the use of the canal was suspended. This plan 
also reduced the cost of foundation excavation and masonry which other- 
wise would have had to be done in about 10 ft. of water. 

The concrete plant was erected about 1,200 ft. east of the point 
where the wall was to be reinforced. The concrete was moved from 
the mixer to the work in narrow gage Koppel cars hauled by a dinky 
locomotive. As the railroad tracks were located within a few feet of 
the face of the wall to be strengthened, it was necessary to erect a 
trestle upon which to operate the dinky trains. In doing this, one end 
of the caps was supported on the wall and the other on posts resting 
in the bed of the canal. On account of having to do this work in 
mid-winter, the cost of placing concrete was considerably higher than 
if it had been done in warm weather. 

The cost, excluding overhead charges, was as follows: 

1,311 cu. yds. foundation excavation, @ $3, $ 3,933 

883 cu. yds. foundation concrete, @ $8, 7,064 

1,560 cu. yds. neat concrete, @ $8, 12,488 

23,200 lb. reinforcing steel, @ $0.04^, 1,044 

Additional work — force account, 72 

Refund of passenger fares, : 239 

Refund of freight charges on plant and material, 656 

Engineering, 408 

Total, $25,904 

During the winter of 1916-17 a second section of the same waU was 
reinforced, the work being done by company forces under the direction 
of S. C. Tanner, master carpenter. The work was begun on November 
27, 1916, and completed March 17, 1917, and extended for a distance of 
about 1150 ft. 

The concrete was all placed between January 4 and March 5, 1917, 
during the coldest weather of the winter, entailing considerable expense 
to protect it from freezing. Unlike the section reinforced during the 
winter of 1912-13, this concrete was placed without the use of any rein- 
forcement. The average height of the new work, including foundations, 
was about 20 ft., and the wall required about 4 cu. yd. of concrete per 
lineal foot of wall. 

The equipment consisted of one locomotive boiler and three 48-in. 
vertical boilers to furnish steam for operating the plant and heating 
the materials; two ^-yard concrete mixers, so arranged that they would 
discharge into two cars at the same time, on either of two tracks, as 
might be desired to suit the trains of dump cars; one dinky and 20 
dump cars. The concrete was moved to the work, by two 10-car trains, 
the greatest distance being 1,800 ft. 

The stone and sand were dumped, as delivered, on standard equip- 
ment into the canal, and then hoisted by a derrick with a 75-ft. b9om 
equipped with a clam shell bucket to the bins located under the mixers. 
Two bins were used for stone and one for sand. The bins were lined 
on all sides with steam coils, and exhaust steam from the mixers was 
passed through the coils, so that both sand and stone were thawed out 
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before entering the mixers. Live steam was used to heat the water, the 

result being that the concrete was discharged into the dump cars at a 
temperature of about 85 deg. during zero weather. 

For handling the foundation excavation and moving the forms, 
which were built in 8-ft. sections, a track was laid in the bed of the 
canal, upon which was operated a mounted derrick. This equipment 
was also used to remove the dinky track, trestle work and forms upon 
the completion of the work. 

The accompanying photographs will serve to better illustrate the 
methods employed, and. the eonditious under which the work had to be 
executed. 
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The following is a detailed statement of the cost of the work; 
Erection of Plant — Labor 

Clearing ground $ 54,00 

Building track on which to handle material and equipment, .... 629.29 

Loading lumber {at Locust Point) 89.14 

Constructing cement storage houses, 81.21 

Unloading lumber 235.30 

Constructing sand and stone storage bins 113.04 

Erecting mixing plant (including platform for mixers, setting up 
mixers, bins for supplying mixers and house for storing 

cement), 657.92 

Setting up derrick, 269.75 

Setting hoisting engines 57.24 

Constructing coal bins 15.14 

Loading and unloading mixers, 42.61 

Rearrranging mixers to suit local conditions, 54,46 

Loading, unloading and erecting pumps and boilers 495,26 
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Placing tank for water supply (including piping), 73.01 

Loading, unloading and repairing concrete cars, 156.83 

Loading, unloading and repairing dinky engine, 70.35 

Constructing trestle on which to operate cars for placing con- 
crete in forms, 1,886.19 

Constructing sheds over pumps and boilers 22.45 

Trucking ties and rails, 17.30 

Carrying water 3.84 

Placing heating coils in material bins and water tank, 241.56 

Storeroom labor, 66.01 

$ 5,330.90 

Supervision, 266.54 

Total, $ 5,597.44 

Maintenance of Plant — Labor 

Repairing hoisting engines and derrick, $ 43.95 

Repairing mixers, 96.90 

Repairing tools and equipment, 151.14 

Cleaning boilers, 10.42 

Repairing boilers and pumps, 212.59 

Repairing boilers (motive power department), 73.93 

^' ^ $ 588.93 

Supervision 29.45 

Total, $ 618.38 

Material Used in Construction of Plant 

25 rolls ruberoid roofing, $ 37.50 

10 rolls tar paper, 12.50 

Lumber, 160.38 

54 kegs nails, 291.60 

14 kegs boat spikes, 30.30 

2 coils rope, 21.80 

24 salamanders 87.36 

Steel cable, 10.48 

2 governors for mixers, 40.00 

Tools, 32.88 

Camp supplies, 23.59 

Boots, 101.52 

Material (motive power department), 11.17 

Pipe and fittings for water and steam lines, 332.24 

Pipe and fittings for heating coils, » . .' 146.38 

Repairs to mixers and boilers, 28.04 

4,901 ft. usable 67-lb rail, 1,046.76 

390 usable angle bars, 39.00 

4 kegs track bolts, 20.00 

. 1 frog, 20.00 

1 switch complete, 25.00 

Total, $ 2,518.50 

Concreting — Labor 

Unloading sand, $ 352.39 

Unloading cement, 202.06 

Unloading stone, 350.93 

Unloading coal, 177.89 
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Trucking coal and cinders, 156.14 

Operating mixing plant, 1,212.14 

Unloading and placing concrete, 1,545.80 

Operating derrick and supplying mixers with material, 573.41 

Firing boilers, 357.07 

Firing dinky locomotive, 189.06 

Trucking cement, 267.76 

Carrying cement to mixers account of disabled derrick, 158.09 

Cutting into old wall for drainage, 26.90 

Dressing finished wall, 6.39 

Bundling cement sacks, '. 30.40 

Carrying water, 94.98 

Thawing pipes, 63.37 

Thawing sand, 32.63 

Firing salanjanders , 217.12 

Trucking coal for salamanders, 11.83 

$ 6,026.36 

Supervision, 301.32 

Total, $ 6,327.68 

Forms — Labor 

Building, setting and removing, $ 2,105.15 

Supervision, 105.26 

Total, $ 2,210.41 

Forms — Material 

Lumber $ 558.00 

Bridge washers, 10.00 

Nails, 48.60 

Wire, 81.16 

Tar paper, 6.25 

Total, $ 704.01 

Plant Rentals 

Hoisting engine, @ $150 per mo., $ 479.02 

Concrete cars, @ $1 per day, 204.00 

Labor loading four concrete cars 6.84 

Derrick and clam shell bucket, @ $300 per mo., : . . 619.35 

Loading derrick and bucket, 32.32 

Locomotive, 58 days at $5 per day, 290.00 

Concrete cars, 40.00 

Slewing engine, , 50.00 

Freight on borrowed equipment, 75,43 

Total, $ 1,796.96 

Dismantling Plant — Labor 

Dismantling plant, $ 1,114.96 

Removing piping and pumps, 45.33 

Loading equipment, 213.20 

Cleaning canal, \ 178.71 

Loading cement, 19.30 
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Loading stone, 45.07 



$ 1,616.57 
Supervision, 80.83 



Total, $ 1,697.40 

Material used in Concreting 

5,269 bbls. cement @ $1.48, $ 7,798.12 

2,876 tons of sand @ $0.40, 1,150.40 

3,220 tons of stone @ $0.47, 1,513.40 

602 tons of coal @ $1.01 608.02 



$11,069.94 
Credit 20,132 empty cement sacks, * 2,013.20 



Net Total, $ 9,056.74 

Excavation — Labor 

Loading and unloading ties for track oh which to operate 

derrick car, $ 1 1.83 

Trucking ties for track, 16.24 

Laying track, 214.92 

Unloading buckets, 1.69 

Repairing derrick car, 26.72 

Excavating 1,948.10 

Removing track, 102.75 

Removing derrick car, 32.60 

Removing and burning o!d ties, 14.00 

$ 2,368.85 

Supervision, 1 18.44 

Total, $ 2,487.29 

Work train service (Labor, fuel and supplies), 387.06 

Blue Line service, 1.65 

Total, ....,$ 388.71 

Credits 

2,500 ft. 1 in. by 6 in. Y. P. lumber, $ 37.50 

2 governors, 20.00 

Water and steam pipe, 180.67 

Steam pipe from heating coils, 59.38 

Water and steam pipe fittings, 29.04 

P'ittings from heating coils, 12.65 

Boiler and machine fittings, 28.95 

4,901 ft. rail, 1,046.76 

390 angle bars, 39.00 

4 kegs of track bolts, 20.00 

1 frog, 20.00 

1 switch, 25.00 

Total, $ 1,518.95 

SUMMARY 

4,476 cu. yd. of concrete placed at $6.57 per yd. 
1,642 cu. yd. of excavation at $1,515 per yd. 
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Plant- 
Erecting— Labor, $ 5,597.44 

Material, 2,518.50 

Maintenance, 618.38 

Dismantling, 1,697.40 

Work train service, 387.06 

Blue line service, ^ 1.65 

$10,820.43 
Credits, 1,518.95 

Net, $ 9,301.48 

Cost per cu. yd. of concrete $2.08. 

Rental for borrowed equipment, 1,796.96 $11,098.44 

Cost per cu. yd. of concrete $0.40. 

Concreting — Labor, $ 6,327.68 

Material, 9,056.74 15,384.42 

Cost per cu. yd. concrete $3.44. 

Forms — Labor, $ 2,210.41 

Material, 704.01 2,914.42 

Cost per cu. yd. of concrete $0,651. 

Excavation — Labor 2,487.29 

Cost per cu. yd. for excavation $1,515. 

Grand Total, $31,884.57 

Cost per Cubic Yard of Concrete — Various Items 

Construction of plant — labor, $1,250 

Construction of plant — material, Ill 

Engine service, 087 

Maintenance of plant — labor, 138 

Operation of plant, 775 

Dismantling plant, 379 

Mixing and placing concrete, 362 

Sand — material, 257 

Sand — labor — unloading, 129 

Stone — material, 336 

Stone — labor — unloading, 082 

Cement — ^material, 1.292 

Cement — labor — handling, 048 

Coal — cost 136 

Coal — ^labor — unloading, 064 

Coal — labor — trucking to boilers, 036 

Forms — labor — constructing, setting, etc., 494 

Forms — ^material, 158 

Rentals on borrowed equipment, 400 

Charges incurred acct. winter work 
Installing heating pipes in material bins 

Material 020 

Labor 067 

Salamanders — cost, 018 

Labor — operating, 054 

Thawing pipes and sand, 022 

Total cost per cu. yd., $6,715 

J. P. Canty, division engineer of the Boston and Maine, advises that 
their custom of repairing old stone masonry has been confined almost 
wholly to raking out the joints and pinning and pointing them, or in 
some cases simply pointing. When the masonry is in such condition 
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that this method will not be effective and economical it is torn down 
and rebuilt, although in some cases structures have been saved by 
buttressing and reinforcing bulging or otherwise defective masonry, 
with iron or concrete or both. 

One case in which the above method was employed consisted of a 
comparatively large stone arch over a stream in which one fiared wing 
about 75 ft. long, bulged to such an extent at the center about midway be- 
tween the top and bottom, as to make the road uneasy about its safety. 
This wing was about 35 ft. high where it joined the spandrel wall of 
the arch and was stepped down from full height near the track, to a 
height of 4 or 5 ft. at the outer end. 

In this case about 15 wooden piles were driven in two rows in front 
of the wing where the maximum bulge was located. These piles covered 
a rectangular area about 8 ft. wide and 16 ft. long parallel to the mason- 
ry. They were enclosed by a wood coffer dam, which was unwatered 
and the piles cut off at the water line. The coffer dam was then filled 
with concrete, and scrap track rails, set vertically at about 2 ft. centers, 
close to the old masonry, were embedded in it. A block of concrete was 
then cast, encasing the rails battering from the outside line of the coffer 
dam to a width of about 3 ft. at the level of the maximum bulge. No 
movement of the masonry has been noted since this was done about two 
years ago. 

In another case, the crowns of a three centered double track stone 
arch bridge of two 20-ft. spans laid dry, began to flatten in the center of 
each arch. This structure was constructed over a stream with the track 
grade only 3 or 4 ft. above the crown of the arch rings. The abutments, 
pier and wings showed no evidence of movement or distress. Repairs 
to this bridge were made by building a temporary wooden deck under the 
tracks, supported on pile bents back of each abutment and a timber 
bent over the center of the pier to carry traffic. This construction per- 
mitted the removal of the earth filling and ballast from the tops of the 
arches. 

Timber forms made to fit the original curve of the arches were 
placed under them and the deformed arches were jacked back to the 
original shape and position. All joints were washed out clean with a 
force pump and thoroughly grouted with cement. An examination of 
the structure disclosed the fact that the thickness of the abutments at 
the spring line was not sufficient to stand the thrust of the arches ac- 
cording to accepted practice and additional concrete was added to provide 
for this. The earth covering was then replaced on the arches and in 
the rear of the abutments and the false work removed. This work was 
done about 10 years ago and no settlement has since been noticed. 

Stone masonry piers which showed evidences of failure have been re- 
paired and strengthened by placing track rails in pairs, vertically on each 
side of them, tying them together by placing rods through the piers be- 
tween each pair of rails, secured to the rails by heavy bent washers on the 
outside of the rails, with nuts on each end of the rods. The entire piers 
were then encased in concrete 12 in. to 18 in. thick and have since given 
satisfaction. 

Repairs to high spandrel or parapet walls on old stone arches, carry- 
ing single or double tracks which have been pushed out by the increased 
weight of rolling stock, have been repaired by drilling holes in pairs 
through the spandrel walls opposite each other about 4 ft. below the 
tops of the ties, excavating trenches under the tracks opposite the 
pairs of holes and providing rods about 1^4 in. in diameter with turn 
buckles in the center and nuts on each end. These rods were anchored 
to the faces of the walls by pairs of rails as above described, or by heavy 
iron plates set in the face of the masonry. The nuts and turn buckles 
were then screwed tight and the rods encased in concrete. 

Repairs to concrete masonry have been made by cutting out the 
defective concrete and replacing it with good material. 
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A. S. Markley, master carpenter of the Chicago & Eastern Illinois, 
during the discussion of this committee's report last year presented 
a very complete report on repairs made to a number of structures 
on the lines of his road. This year he furnished notes on repairs made 
after a washout at bridge No. 1408 from which the following report 
has been prepared. 

This bridge crosses the Vermilion river at Cayuga, Indiana. As 
originally constructed in 1871, it was a single track through truss bridge 
178 ft. long. In 1903 it was converted into a double track structure by 
extending the pier 14 ft. on the down stream end. The extension to 
the pier was built of concrete, the foundation of which was carried to 
solid rock. The original pier, built of stone in 1871, was supported on 
piles about 14 ft. long, driven to rock, upon which was placed a timber 
grillage of the usual construction. 

In 1913 a washout occurred which removed the sand and silt from 
between the piles under the pier and in addition, knocked out several 
piles. This permitted the pier to settle and crack. Traffic was imme- 
diately diverted to the north-bound track, which was supported by the . 
14 ft. extension resting on rock and which had not been disturbed. To 
prevent the total destruction of the old portion, if additional piles should 
fail, it was clamped to the new part by placing lj4 in. rods parallel to 
the sides of the pier, with timbers across the ends. By this process the 
old part was held firmly to the new and traffic resumed on both tracks. 

A coffer dam of Wakefield sheet piling was placed around the en- 
tire pier. All loose material remaining between the piles and on top 
of the rock bottom was then removed, leaving a cavity about 11^4 ft. 
deep by the horizontal dimension of the original pier, between the bottom 
of the grillage and the top of the rock. Using the walls of the coffer 
dam as a form this cavity was then filled with concrete, thoroughly 
grouted under the grillage. The concrete was then carried up around 
the outer edge of the grillage, sealing the concrete against the bottom 
course of masonry to the timber grillage. 

The estimated cost of making these repairs was $2,000. The actual 
cost was $1,780. 

In last year's report Mr. Markley gave cost data covering the 
strengthening of five piers and the south abutment of bridge 1634 over 
the Wabash river at Clinton, Ind., showing the cost of labor and ma- 
terials for forms at $3.33 per cubic yard of concrete, and the cost of 
labor and material per cubic yard of concrete in place at $10.89. This 
year he furnished a detailed statement of the cost of repairing the north 
abutment of this bridge, which work was done at about the same time 
as that reported last year, as follows: 

Concrete in foundation, 42.3 cu. yd. 

Concrete above foundation, 210.0 cu. yd. 

Total, 252.3 cu. yd. 

Foundation excavation, 204.4 cu. yd. 

Concrete in two^ bearing blocks, 18.5 cu. yd. 

Cost of excavation per cu. yd., ..$0,833 

Cost of Various Items per cu. yd. of Concrete 

P'orms (labor $1,868, material $1,499), $ 3.367 

Cement, 1.933 

Reinforcing bars, 946 

Labor concreting, 3.177 

Material concreting, 2.908 

Setting reinforcing bars, '. 214 

Cutting and drilling, 534 

Bearing blocks, 5.106 

Placing bearing blocks, 10.017 
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The average cost per cu. yd. of concrete was, labor, $6,775, material, 
$4,392, total, $11,167. 

Recapitulation 

Bearing blocks Labor Material Total 

Making, $ 35.50 $ 58.97 $ 94.47 

Placing, 166.90 18.41 185.31 

North abutment, 

Excavating, 170.30 170.30 

Forms, 471.41 378.25 849.66 

Setting bars, 54.13 54.13 

Cutting and drilling, 134.74 134.74 

Concreting, 801.72 733.69 1,535.41 

Totals, $1,834.70 $1,189.32 $3,024.02 

C. H. Fake, engineer maintenance of way, of the Mississippi River 
and Bonne Terre, seems to have been more fortunate during the past 
22 years than most engineers occupying similar positions and your 
chairman is unable to determine whether to commiserate or congratulate 
him. It is feared he does not know what he has missed in not having 
a lot of poor masonry to repair or rebuild, this being a class of work 
often taxing one's ingenuity and resourcefulness to the limit to accom- 
plish. 

While it has been his good fortune to have had to make no repairs to 
masonry on the road with which he is now connected, he advises that 
prior to becoming associated with this present company he was for a 
few years with the Missouri Pacific, which has a great deal of poor 
masonry. When repairs to this masonry were necessary it was generally 
found to be in such unsafe condition as to require rebuilding. Its con- 
dition was due to one of two or three causes. 

First, much of it was poorly constructed, laid with very close joints 
presumably in lime mortar, practically all of which had disappeared. 
The backing was not grouted or properly filled with mortar and while 
the face stones were reasonably well cut they practically rested on one 
another with no mortar bed between them. Second, the stone as a rule 
was local limestone which did not " weather " well and much of it 
cracked, either from weather conditions or poor bedding. Third, much 
of it was damaged by fires caused by the burning of wooden bridges 
during the Civil War, first, from the Confederate side and then from 
the Union side. The heat from these fires badly spawled the face stones 
of the walls and in many cases practically destroyed them. In some 
cases where the damage was not too great, the copings were removed, 
face joints pointed up and the body of the structure filled with a thin 
grout. In other cases damaged stones were removed and the spaces 
filled with concrete. 

DISCUSSION 

(Repairing and Strengthening Old Masonry.) 

L. D. Hadwen: — The thing that impressed me most in the 
reading of this report was the fact that prevention is so much 
better than the cure. I think that while all the rest of the bridge 
structure undergoes a very rigid inspection, the masonry doesn't 
receive the same care and upkeep as the other parts of the struc- 
ture. Frequently bridges are subjected to much heavier loads 
than those for which they are originally designed. The steel 
work is strengthened accordingly but nothing is done to the 
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masonry. Afterwards such defects occur as have been called 
attention to in this report. If, at the time the steel were strengthen- 
ed, steps had also been taken to reinforce the masonry, no aggra- 
vated damage would result. 

In this connection, nothing is mentioned in the report as read 
in regard to drainage back of the structure. A great deal of 
trouble with old masonry has been due to the fact that water 
gets pocketed behind the structure and causes damage. In many 
cases providing weep-holes in a high wall will prevent trouble 
from that water, particularly when the material used for backfill- 
ing is clay and material of that character. 

A very effective way of repairing old masonry, as has been 
mentioned in the report, is by grouting but in many cases it is pos- 
sible to jacket the masonry with reinforced concrete and to use 
some modern grouting plant whereby you can force grout through- 
out the structure possibly at a pressure of 100 or 200 lb., depend- 
ing on the conditions. 

I was surprised recently, in making repairs to a fine piece 
of bridge masonry, to find that, although it was built under first 
class specifications, it was possible to force quite a little grout 
into it by driving holes into the upper portion and using a grout- 
ing machine. In this particular case damage had resulted to the 
top of the pier. Repairs were made by encircling a few of the 
upper courses of the pier masonry with heavy rods which were 
tightened up by means of turnbuckles which went entirely around 
the course, the rods were encased in a jacket of reinforced con- 
crete and after this reinforced jacket of concrete had set up, holes 
were drilled through the jacket and the body of the pier and heavy 
bolts run through to tie the masonry together. 

Finally vertical holes were drilled in the top of the pier and 
the pier was grouted as mentioned previously. A very satisfactory 
job was the result. 

Another phase of the repair problem has not been mentioned 
in the reading of this report. That is the possibility of reinforc- 
ing old culverts of rubble masonry and old arches by a concrete 
lining. In cases of this kind where a culvert is concerned we 
have found it better, if the water wky conditions, permit, to en- 
croach a little on the waterway by cutting out somewhat on the 
side walls and building a reinforced concrete box capable of tak- 
ing the load irrespective of the old masonry, letting the old masonry 
simply stay. 
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With respect to the bridges on the Missouri Pacific about two 
or three years ago I remember that Mr. Smith gave us some very 
interesting data in regard to the repairs which had been made un- 
der his supervision as consulting bridge engineer for the road. 
He emphasized the fact that many times instead of going to a 
very large expense and tearing out old masonry they had over- 
come the difficulty by making comparatively cheap repairs. 

I think the tendency sometimes is to exaggerate the serious- 
ness of the condition of old masonry; we condemn it and say 
we've got to pull it down when we really could carry it by devising 
some scheme of repairs. It seems to me that this is a point to be 
considered now when labor is so scarce and when we want to re- 
duce our work to a minimum. We should try and carry old ma- 
sonry structures rather than tearing them down and substituting 
something new. 

Lee Jutton: — This question of repairing old masonry is one 
in which every railroad is undoubtedly very much interested. 
We all know that the motive power has been increased in weight, 
the load has been increased over structures and invariably the 
superstructure has either been reinforced or renewed with a 
heavier superstructure. That problem is not particularly difficult 
to solve but it is always a question what to do with the substructure. 
I believe that more expert inspection is necessary in connection 
with the substructure than with the superstructure. I believe, also, 
as Mr. Had wen has said, that we often condemn old masonry 
a little too soon. I know that it is surprising what old masonry 
will carry after it has developed cracks and opened and settled a 
little bit, perhaps, but it still seems to do the work. 

I want to mention one case of an old masonry arch built away 
back in the '60's. It was considered that this old arch should be 
encased in concrete as it was constructed of small and irregular 
stones and the mortar was coming out of the joints. It had been 
pointed and repaired and fixed up and plastered up; no particular 
weakness was visible but everybody agreed that the structure ought 
to be repaired and plans were made. It developed, however, that 
the farmer across whose land this road was running had a cat- 
tle pass there and held the 'rights to the bridge and he saw his 
chance to get a little money so he told us that he would not per- 
mit the reduction of the opening. That started us to thinking again 
and we decided that his claim was entirely out of reason and that 
he was not entitled to any consideration. After further consul- 
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tation it was decided to let the arch remain. It is a hard look- 
ing old structure, as I said before, but no particular weakness 
is evident and it is carrying the largest locomotives that we have in 
use. 

Sometimes foundation matters are rather misleading and it is 
hard to determine just what to do with them. I had a little ex- 
perience with a turntable foundation. It was on very hard clay 
which was practically impervious. It was tested with a load many 
times greater than the load that was to be put on it. Neverthe- 
less, after the thing had been built it wasn't long until a little 
trouble developed at one comer. A good many attempts were made 
to save the structure but after a time it finally had to be blown up 
with dynamite and rebuilt. 

I mention this merely to emphasize my original point that the 
handling of substructure problems, the strengthening of old ma- 
sonry or the carrying of old masonry beyond the point where it 
might be first considered that it should be taken out is one that 
needs careful study. We all know that in these times of conserva- 
tion we should give such problems very careful study and that be- 
fore we make up our minds to tear out an old structure we should 
analyze it from every point of view. If that is done we will prob- 
ably carry old structures over which otherwise we would have 
to replace. 

W. E. Alexander: — Mr. Hadwen spoke about prevention be- 
ing better than cure. I agree with that idea thoroughly. It has 
been said here in connection with the strengthening of old mason- 
ry that the backfilling and weep-holes in the walls have a great deal 
to do with the protection. I am located in a cold country where 
we have a great deal of frost and where the action of frost in the 
wet clay against masonry is very serious. We have found that 
the best backfilling against masonry or concrete walls or structures 
of any kind is locomotive cinders. They are porous and the water 
will work down and out if there is any chance. 

F. E. Schall: — I want to say a few words in regard to what 
Mr. Hadwen said about grouting. We have done considerable 
work of this kind and we find it advantageous in walls that are 
very old to pick out four to six feet and drill in and grout that 
portion, then go up four to six feet more and drill in again to 
the heart of the wall and grout that. If the grout has to run for 
long distances it will choke up and you won't get quite as much 
benefit by trying to grout the entire structure from above. 
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In regard to the failing of old masonry, the principal defects 
that we have are the foundations. The old railroad pioneers did 
not go down deep enough or make the foundations wide enough. 
There is too much pressure on the soil. We have been under- 
pinning our masonry with concrete in sections. We go right un- 
der the masonry 18 in. to 2 ft. and make it in sections only. We 
take out a section in the middle and then go about ten feet away 
and take out another section. In that way we can prevent our wall 
from tilting and at the same time underpin the structure. 

As far as the motive power is concerned, the total weight 
of the masonry is usually so great as compared with the weight 
of the rolling stock passing over it that there is little danger of the 
masonry failing unless the foundations are bad. 

P. J. O'Neill: — I have had a failure of a turntable by rea- 
son of the base of the foundation of the center being down in the 
clay and the impact of the engine rocking it, very slightly at first 
no doubt, but increasing as time went on. I remedied that by 
driving piles and inserting I-beams. This was a stone founda- 
tion and I think the trouble was caused by the fact that when 
we excavated into the clay and dropped stone in we simply made 
a clay pocket there to hold the water which gave an opportunity 
for it to puddle. 

We have another turntable with a concrete foundation which 
we put in in a somewhat similar way though we haven't put any 
I-beams on it. We have cut it away at an angle of about 45 deg. 
and have filled it in with reinforced concrete. It is on a clay 
foundation somewhat similar to the other. We have poured con- 
crete in and tried to fill the space absolutely, to allow no place for 
water to soak in unless it went through the clay which is practical- 
ly impervious. We are hopeful that that will be successful, al- 
though we have no conclusive results as yet. 

I would like to ask Mr. Hadwen what effect the 200 lb. pres- 
sure per inch on his grouting has had on the facing, the slab that 
is bolted on. Have you ever found that it was forced off? 

L. D. Hadwen: — I have not used that high a pressure ex- 
cept where the masonry is very good. 

A. Montzheimer: — Perhaps it might be of some interest if 
I would tell of the plan we followed in reinforcing the center 
pier of a drawbridge over the Grand Calumet river at South Chi- 
cago about a year ago. This pier supports a 240 ft. double track 
drawbridge and was built in 1869. At that time the river was 
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only about 16 ft. deep and the pier was built on a pile foundation. 
The piles were cut off under water, level with the bottom of the 
river. On account of the bridge being close to Lake Michigan 
it was difficult to get the piles cut off evenly, the wind causing 
rough water and making it difficult to get an even height for all 
the piles. 

After these piles were all cut off a crib was floated on and the 
masonry built inside the crib; later the river was deepened so 
today we have about 22 ft. of water. The piles of course now 
project about 6 ft. above the bottom and have no bracing whatever, 
which caused a great deal of vibration. If a boat struck the cen- 
ter pier the whole structure would rock back and forth. 

It was found necessary to do something and on account of 
the very heavy traffic there it was almost impossible to put the 
bridge out of operation. We therefore went in and drove steel 
sheet piling all around this center pier, widening it only about a 
foot on the channel side; although the ends of the piers were 
lengthened about 8 or 10 ft. Inside of this sheet piling we drove 
additional piles and later filled the entire cofferdam with concrete 
without pumping out the water. We secured a very fine job and 
I am satisfied that the concrete is just as good as though it had 
been put in within a dry space. On account of conditions there 
it was practically impossible to drive out the water. 

We also put in a new turntable over the bridge which was 
done in, as I remember it now, about 72 hours actual time, the 
traffic being turned over another road while the turntable was be- 
ing put in. Today we have practically a new bridge and all done 
without in any way tearing out the old structure. The results cer- 
tainly warranted us in doing the work in that way. 

J. P. Wood : — I was much impressed with one remark by Mr. 
Jutton. I believe that in times gone by too much attention has 
been given to tearing out old masonry where it could have been 
carried over. Because some of it started to go wrong or scour 
somewhat in years past, the idea with a great many railroads was 
to take it out and renew it whereas I believe the past year's experi- 
ence shows that it would still stand for a number of years with- 
out any labor or material for reinforcing whatever. 

We have a double 12 ft. brick arch at Ionia, Mich., 
erected about 1881, used for the purpose of carrying off 
overflow. During times of flood it carries water in great volume 
and also considerable ice in the early spring. The roadmaster called 
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my attention to it about six years ago at which time he said 
he thought it was in very bad condition. I made a thorough 
examination and was satisfied in my own mind that it would carry 
traffic safely for years without rebuilding or repairs. I examined 
that structure the past season and without any repairs I believe 
it is perfectly safe for several years more. With proper super- 
vision and by the exercise of good judgment many structures may 
be carried for years with very little or no repairs. 

The President: — ^The subject of repairing and maintaining 
old masonry is very important. I think in this connection that I 
might say a little in regard to Mr. Strouse's report on the Gwynns 
Falls bridge. I happen to have been connected with the repairing 
of that structure. In digging down to the foundation we found 
that this mammoth arch (and a beautiful one at that) was built 
on stone put on top of a double foundation with apparently no 
mortar whatever. We dug down and found an openwork — ^just 
a lot of stone put up and an acute arch put on top of it. 

However it stood up until just about two years ago. I took 
it in hand at that time and built a wall outside on which to build 
a footing course. We pumped it full of grout which seems to 
have made a permanent job of it. As far as we can see it should 
now last indefinitely. 

The walls along the arches and the parapets were finished 
smooth on the inside the same as the outside, and were put up as 
a protection to keep men from falling overboard and also as an 
ornament. From time to time the track was raised until it pushed 
the walls over, so we had to repair them. Their original line 
was straight and we tried to maintain the original construction. 

This goes to show the fruits of the work of the track forces, 
raising track indiscriminately. There was no need to raise track there 
and if they had not raised the track all these years they would 
not have had to repair these walls. I think it would be a very good 
thing not to raise track over bridges of this character. 

Those bridges were all drained when they were originally 
built. Holes were bored on several occasions to determine wheth- 
er they were still solid. My attention was called to the fact that 
the bridges were falling because of the holes. 

The work Mr. Strouse had in mind in his reference to the re- 
pairing of the old wall was on an old dry stone wall. As it was 
very close to the main track the wall became much shattered. 
While Mr. Strouse refers to this work being contracted, this 
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was not the case as I had supervision of it. We put all that con- 
crete in there for 150 ft. of wall, averaging about 12 ft. high in 
31 days, commencing the 4th of January and finishing the 5th of 
March. We came through without any frozen concrete and it 
protected and strengthened the structure until now it will ap- 
parently stand forever. 

There is an old piece of masonry, an aqueduct on the Chesa- 
peake and Ohio Canal, just west of Washington Junction, that 
has a break right in the middle of the arch, which has been there 
a good many years. The main arch is about a 30 ft. arch and 
has two small ones on each side, about 12 ft. wide. The main 
arch commenced to break down in the middle by the lighter arches 
giving away. They reinforced it by strutting it with timber. It 
leaks a little, but it is doing the business. 



SOURCES OF RAILWAY WATER SUPPLY 

COMMITTEE REPORT 

Two essential features of almost equal importance must be con- 
sidered in the selection of a railway water supply; quantity and quality. 
It is obvious that the supply must be sufficient in quantity, but secondary 
only to an ample supply is the question of quality. 

The successful operation of a railroad using steam as a motive power 
requires that the supply of water be equal to the demand at all times. 
The consumption will vary greatly and the available supply should be 
sufficient for the maximum requirements with a safe factor to provide for 
future increased consumption. The quantity of water required is de- 
pendent on the number and size of the engines taking water, the tender 
capacity of the engines, the tonnage of trains and the distance between 
stations. Provision should also be made for water for other than lo- 
comotive supply at terminals and other points where such water is re- 
quired. The immediate supply should be sufficient for a demand at least 
50 per cent over the normal requirements to provide for fluctations in 
consumption and extraordinary movements of trains following tem- 
porary obstruction of traffic or other reasons. 

In considering a source of supply accessibility is secondary to the 
quality of the water. An ideal water for locomotives is one that will not 
form scale or cause corrosion, pitting or foaming. Unfortunately nature 
does not supply a water entirely free from these effects, but in many 
cases they can be minimized by a careful selection of the supply. Con- 
sideration should always be given to the quality of the water rather 
than to the convenience of location. 

No figures are available as to the sources of water supply of Ameri- 
can railroads, but the following statistics concerning municipal supplies 
are given by the U. S. Geological Survey, quoting from the Journal and 
Engineer, Vol. 24, No. 19, May 6, 1908: "In nearly 400 cities located in 
all parts of the United States and Southern Canada, 40 per cent of the 
public water supplies are drawn from wells; 25 per cent from lakes, ponds 
or springs, 24 per cent from rivers, and 11 per cent from mountain 
streams impounded or otherwise. In 56 out of the 93 cities in the Ohio 
River valley, and 46 out of 85 cities in the Upper Mississippi River val- 
ley water supplies are derived from wells. Of 131 cities in the New 
England and Middle Atlantic states 56 take their supplies from lakes 
or springs; 28 from wells; 26 from mountain brooks; and 21 from rivers. 
The total volume of water taken from other sources is, of course, 
greatly in excess of that taken from wells." 

While municipal water supplies are used for domestic purposes rather 
than for boiler supplies, the various sources of municipal supplies may 
be taken as a fair average of the sources of water used for railway pur- 
poses, for the reason that the railroads are compelled to look to the 
same sources of supply as the municipalities through which they operate, 
in many instances taking their supply from the cities and towns along 
their line. 

The water supply of any region, except the deep underground 
waters from porous beds which are supplied from a source perhaps many 
miles away, is abundant or deficient according to the character of the 
rainfall. Water falling as rain may be divided in three parts, (1) A part 
of the precipitation flows into the lakes and streams and to the sea, 
(2) A part is held by the vegetation and soil and is evaporated by the 
sun directly, or through plant growth. (3) A third portion j^ absorbed 
by the earth and penetrates the pores and fissures in the rtocks, loose 
sands and clays below the surface, accumulating in the porclis stratum 
from which it is secured by sinking wells. I 
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The normal rainfall throughout the country has been estimated by 
the United States Weather Bureau at 29 in., and the area is divided in 
this respect into the following classifications: Deserts, or arid lands 10 
in. per year; semiarid, or light rains, 10 to 25 in.; moderate, 25 to 50 in., 
copious, 50 to 75 in., and excessive above 75 in. According to the 
latest record less than 6 per cent of the area of the United States is in the 
excessive rainfall class, exceeding 75 in. annually, 16 per cent ranges 
from 50 to 75 in., 25 per cent from 25 to 50 in., 30 per cent from 16 to 
25 in. and 20 per cent less than 10 in. It is upon these figures that the 
normal average of 29 in. per annum is based. The difficulty in provid- 
ing an ample supply at all seasons from many of the streams and other 
surface supplies lies in the fact that the rainfall is not equally dis- 
tributed throughout the year, and during the period of drouth, or of 
little rain, the smaller streams and water courses fail, often causing a 
heavy expense for hauling or securing water from other sources. 

Streams 

Small streams, if sufficient in quantity, present but few difficulties in 
establishing a pumping station. On rivers and the larger streams, 
where the stage of water varies beyond the limits of ordinary suction 
lift the proper location of pumps with reference to the varying stage of 
water is essential to satisfactory operation. The pumps are sometimes 
placed' in water-proof pits within easy suction lift of the water at the low- 
est stage. Also facilities are sometimes provided for raising and lowering 
the pumps with the varying stages of the stream. The former method 
is decidedly the better one as, where the pumps are moved with the 
river stages, the station is little more than a temporary affair, and the 
costs of operation and maintenance are excessive. Streams usually carry 
considerable matter in suspension and the problem of protecting the 
intake lines from mud, sand, leaves, etc., is quite important. The matter 
carried in suspension by the water of streams may be removed readily 
by settling basins or filtrations, and the water is usually of a good quality 
except where the streams are polluted by sewerage or industrial wastes. 
Smaller streams are often affected by organic and vegetable matter, 
especially after a prolonged dry period followed by light rains which 
bring the troublesome matter into the streams, but do not flood the 
streams sufficiently to carry the impurities away. This condition ac- 
counts for a great deal of the trouble experienced from foaming and 
pitting, by water that is usually considered a. good boiler water. 

When the supply is from a small stream, whose normal flow falls 
below that necessary to supply the demand during certain seasons, it is 
frequently necessary to build impounding reservoirs in which to store 
the heavy spring and fall flows for use during the low periods of summer 
and winter. If the pump capacity is in excess of the flow, damming the 
stream will permit of securing the full supply by running the pump 
only a portion of the time, and at convenient periods instead of con- 
stantly. 

Lakes 

The smaller lakes and ponds usually offer the most favorable con- 
ditions for establishing pumping stations, both as to construction and 
quality of water. They are affected but little by storms, and difficulties 
from the effects of currents common with the larger lakes are not en- 
countered. While the quality of the water of the large lakes is uniformly 
good the effects of currents and storms sometimes cause a great deal 
of trouble from turbidity and sewerage pollution, as well as stoppage of 
intakes, if they are located near the shore. Very few, if any, intakes of 
railway water stations are located very far from shore or breakwaters, 
and as the shores of lakes in the vicinity of cities are constantly being 
extended, chiefly through the dumping of rubbish, these intakes are a 
continual source of trouble and expense. The intake of one railroad 
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pumping station in Chicago, pumping from Lake Michigan, has been 
relocated four times and extended 200 ft. in 10 years. Where the water 
was 18 ft. deep 10 years ago, it is now 3 ft. deep and constant care is 
necessary to keep the intake from being covered by rubbish. During 
stormy weather or periods of inshore winds a large force of men is 
required to keep the intakes and strainers clean. As much as 20 tons 
of material has been removed from this intake in 10 hours. This con- 
dition has been brought about by the dumping of rubbish by the City 
and emphasizes the necessity of extending intakes well out in the lake, 
where they will not be affected by conditions along the shore. 

Reservoirs 

Impounding reservoirs are frequently found necessary for the 
storage of water when a suitable supply is not available from other 
sources. The most economical and satisfactory method of constructing 
an impounding reservoir is by damming up a yalley if one may be 
found suitable for the purpose. The* cost of excavating for a reservoir 
or constructing it entirely of stone, brick or concrete is prohibitive 
where the storage of several months* supply is required. Where the 
reservoir is dependent either on a stream or water shed for supply, the 
storage should be sufficient to provide for the evaporation and absorption 
that will take place in addition to the normal consumption. The evapo- 
ration will vary greatly with different reservoirs. The factors to be con- 
sidered are, the humidity, area of reservoir, depth of water, temperature, 
proximity of forests and other local conditions. The absorption will 
depend entirely on the character of the surface and sub-strata, and un- 
broken sub-strata of clay or hard pan form the best possible bed for a 
reservoir as the absorption through a formation of this kind is less than 
through any other than an impervious rock. Where a limestone for- 
mation prevails, care should be taken to see that there are no sink 
holes or fissures in the submerged area through which the water might 
escape. The rainfall will have to be considered carefully in connection 
with the watershed to determine the catchment area required. The size 
of spillway will depend on the rainfall and catchment area and should be 
large enough to take care of the maximum run off over the entire catch- 
ment area. 

The amount and distribution of the rainfall in the United States 
is given by M. L. Fuller in the U. S. Geological Survey Water Supply 
Paper No. 114, 1905, as follows: 

" In the Eastern United States the rainfall is plentiful, the yearly 
average varying 20 to nearly 80 in. Rain to a depth of more than 60 
in. a year falls on the Mississippi Delta below New Orleans and along 
the Gulf Coast from near Mobile, Ala., to Tallahassee, Fla. A nearly 
equal amount falls in the higher mountains of Western Carolina and 
Eastern Tennessee, along the coast of North Carolina and in the Adiron- 
dack and White mountains. In the Gulf and South Atlantic States 
the rainfall is between 50 and 60 in. a year, in the New England, Central 
Atlantic and Ohio River States, between 40 and 50 in., in the Upper Mis- 
sissippi and Great Lakes States between 30 and 40 in., and in Northwestern 
Iowa and most of Minnesota between 20 and 30 in. In the Western part of 
the United States the distribution of rainfall is much more irregular than 
in the Eastern part. Westward from a line drawn through the Eastern 
part of the Dakotas, middle Nebraska, Western Kansas and Central 
Texas the rainfall decreases to less than 20 in. yearly, all of the Great 
Plains region being characterized by small rainfall. In the Black Hills. 
Bighorn mountains, and the higher sections of the middle chains of the 
Rocky mountains the rainfall is 20 or 30 in. yearly, and in the high 
Sierras, the Cascade, and the Coast ranges it is 70 in. or more, reaching 
a maximum of 150 in. in the Coast ranges of Oregon. In the Great Basin 
between the Sierra Nevada and the Wasatch mountains the rainfall is 
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less than in any other section of the country, in places being as low as 

2 or 3 in. a year." 

The care of the catchment area or watershed is an important factor 
in determining the quality of water secured from a reservoir. The 
most effective method of protecting the quality of an impounded water 
supply is to purchase the entire catchment area. This is hardly ever 
practical, or possible, the chief objection being the cost, as the water 
shed will usually cost many times more than the reservoir. The de- 
sired result may be accomplished in most cases by acquiring all the 
land around the reservoir within a certain distance of the water's edge. 
If this strip is kept well sodded it will assist materially in improving the 
quality of the water, as it acts as a strainer or baffle, and prevents im- 
purities entering the reservoir. In preparing a reservoir site for water, 
it is very important that all timber and plant growth be removed from 
the flooded area to prevent contamination of the water through certain 
forms of vegetable life commonly known as algae. 

The dam is perhaps the most important feature in connection with 
an impounding reservoir and too much attention can not be given to 
its construction. The foundation must be sufficiently firm to prevent 
the settling of the dam. The connection between the foundation and the 
dam must be of the best to prevent leakage and shifting, or sliding, 
as, if the connection is not good, a part of the dam may slide out under 
pressure. Dams are constructed of various materials such as wood, 
concrete, stone and earth. Earthen dams are most commonly used on 
account of their cheaper construction, and when properly built are 
quite as satisfactory as any other construction. There are several dif- 
ferent methods of preventing leakage through, or under the embank- 
ments of earthen dams, the one most employed being a puddle wall 
carried from several feet below the base to the top of dam. The thick- 
ness of the puddle wall depends on the height of dam. Other methods 
of preventing leakage and strengthening dam are to drive a row of 
sheet piling through the center of the fill, or to construct a concrete core 
wall. Sometimes low retaining walls of concrete are placed along each 
toe of the slope, these walls assisting materially in preventing damage 
to the dam and adding to the appearance. The slope of the embank- 
ment will depend largely on the height, although it is usually carried 

3 to 1 on the water side and 2 to 1 on the down stream side. 

It is not the intention to devote any space to a discussion of the 
design of dams, as each installation will have to be considered in view of 
local conditions, the above being merely suggestions as to general prac- 
tice. 

Edward Wegman, writing on masonry dams in the American 
Waterworks Association Proceedings for 1913, gives the cause of failures 
of five high masonry dams as follows: 

Year Name Location Height Cause of failure 

1802 Puentes Spain 164 ft. Pile foundation 

1881 Hobra Algiers 110 ft. High flood — poor masonry 

1895 Bouzey France 72 ft. Pervious sandstone foundation 

1900 Austin Texas 68 ft. High flood — poor foundation 

1911 Austin Penn. 50 ft. Pervious foundation 

It is interesting to note that in four of the failures above mentioned 
the cause was attributed to poor foundations. It is apparent that the 
success of a dam depends on the foundation quite as much as the dam 
itself. 

WeUs 

A deep well is not always the most satisfactory method of securing 
water, as, where the head is far below the surface, the cost of raising the 
water is excessive, but surface conditions are often such that the only 
available water supply is that secured in this way. Well waters, as a 
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rule, are pure and clear, although many are very hard. A hard water is 
not objectionable for drinking purposes, but is unsatisfactory for boiler 
use. The majority of well waters respond readily to treatment and as 
a well is usually drilled only when all other possible water sources have 
failed, there is no choice, other than to use the water in its natural state 
or resort to treatment. 

There is a great deal of superstition and guesswork among well 
drillers, and others, relative to the proper location of wells. A popular 
fallacy is the indication of water through the fancied movement of a 
branch or twig of a tree when carried over an underground water supply. 
It is also a common belief that the head of water increases with the 
depth of the well, or that flowing wells may be secured anywhere if the 
wells are sunk to a sufficient depth but experience has shown that the 
sinking of wells far below the principal water-bearing strata has com- 
monly resulted in highly mineralized waters, rather than an increased 
head of flow. 

An intelligent knowledge of the presence of underground water 
can be secured only by a careful examination of the locality in which 
the well is desired and of existing wells in the vicinity. From the ex- 
isting wells and local geology, it is often possible to determine the exact 
depth of the water-bearing strata and the quantity of water it is possible 
to secure, as well as the quality of the water. 

The ground water level has lowered decidedly in certain sections of 
the country. While this decline has not been confined to any particular 
section, it has been marked in Indiana, Southern Michigan, the Great 
Plains and in Southern California. It is also noted that an artesian 
well was drilled in Chicago in 1864 in which the water rose to a height 
of 80 ft. above the surface of the ground or 111 ft. above the surface 
of Lake Michigan. The flow in this well has long since ceased and the 
head has declined until the water stands 20 to 30 ft. .below the surface, 
a loss in head of 100 to 110 ft. This loss of head may be accounted for 
in part through the reckless waste of ground waters from flowing wells. 
A great part of this waste is from the casings of old oil wells. In many 
sections of the country especially in Mississippi and Louisiana, hundreds 
of artesian wells are allowed to flow constantly to no purpose, wasting 
large quantities of the best ground waters. In the Southern States, 
with the possible exception of Florida, this waste does not appear to 
have materially affected the ground level of the water, but it is only a 
question of time until the loss will be seriously realized. 

The following discussion on the amount of available underground 
water is taken from U. S. Geological Survey Water Supply Paper No. 
257, entitled "Well Drilling Methods, 1911," by Isaiah Bowman. 

" In most cases it is necessary to penetrate some distance below the 
earth's surface in order to reach a zone saturated with water, the actual 
depth depending on the amount of precipitation, the character of the rock, 
and the topography. The depth is least in regions of much rainfall and 
is greatest in arid regions. In general it is least in valley bottoms and 
greatest in the higher lands. In some localities, as at springs and in 
marshy lands, the plane of saturation coincides with the surface, but 
the existence of ground water at the surface is due to exceptional con- 
ditions. The lower limit of penetration of water depends on a number 
of conditions. The limit to which water will penetrate is the depth at 
which the weight of the overlying rock becomes so great that pores 
between the particles can not exist. This depth has been theoretically 
placed at about 6 miles. Practical experience in well drilling, however, 
does not prove the assumption that all rocks are saturated below a 
moderate depth. In the Pennsylvania and New York oil regions, for 
instance, rocks that are practically destitute of water are encountered 
at a depth of only a few hundred feet. These rocks include coarse 
grained sandstones capable of holding large amounts of water, yet as 
far as can be determined they are quite dry, so that it is necessary in 
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some wells to pour in from the top the water required in drilling. In 
some parts of these oil fields, the drill enters rocks containing salt 
water after passing through these water-free rocks, but fresh water is 
very rarely found below the dry rocks. In some places wells have been 
drilled several thousand feet without encountering water below the 
first few hundred feet, but, although the rocks thus penetrated are far 
from being saturated, they doubtless hold slight amounts of moisture. 
These facts show the fallacy of the popular idea that there is plenty 
of water if one only goes deep enough, and that great underground 
lakes exist. 

"Although the depth to which water penetrates in large quantities 
is much less than is frequently assumed, the ground contains an enor- 
mous amount of water. Many estimates of the amount of ground water 
have been made, all of which take into account only the free water (that 
which is, or might be available for pumping purposes) and do not in- 
clude that which is contained in moist clays and other materials, and is 
not readily yielded to wells. These estimates have become more and 
more moderate, ranging from that of Delesse made about 1860, which 
showed a layer sufficient to cover the surface of the globe 7,500 ft. deep, 
through that of Slichter (1902) which showed a similar layer 3000 to 
3500 ft. deep and of Chamberlain and Salisbury (1904) which gave a layer 
800 to 1600 ft. thick, to that of Fuller (1906) which shows that the 
amount of water available in the earth's crust is sufficient to form a 
layer over the surface of the globe, a little less than 100 ft. deep. 
This amount is equal to about one hundredth part of the volume of 
oceanic water." 

The various types of wells commonly used in railway water service 
are: Hydraulic rotary wells. Standard drilled wells. Jetted wells. Bored 
wells, Driven wells. Open wells. 

The hydraulic rotary process consists of rotating downward a string 
of casing with a toothed cutting shoe on the lower end. The weight of 
the casing on the shoe grinds and cuts away the material that is being 
penetrated, and the particles are carried to the surface by the water 
which is pumped through the casing and rises on the outside between 
the casing and the wall of the well. This method of drilling is very rapid 
in soft materials, and can be adapted readily to alternate beds of hard 
and soft material, the harder materials being penetrated by a drill. The 
process is, however, very satisfactory wherp the soft materials predomi- 
nate, and in such materials the operation is practically continuous. 

The disadvantage of hydraulic rotary drilling is that a large quan- 
tity of water is required, the amount depending on the porosity of the 
materials encountered. There is also danger of passing through water- 
bearing stratum without recognizing the presence of water, especially 
when mud laden fluid is used. The records of rotated wells are always 
more or less inaccurate owing to the difficulty of recognizing the 
different formations as soon as they are entered. 

Standard Drilled Wells 

The standard method of drilling wells probably originated with the 
churn drill used in China centuries ago. This method is used only when 
penetrating rock or other hard material and consists of raising and drop- 
ping a heavy drill against the rock. The drill is rotated by hand for the 
first 200 ft. or so to insure a round hole, after which the wind or twist 
of the cable changes the position of the drill automatically with each 
stroke. The cuttings of the drill are removed by means of a sand 
bucket which is constructed with a valve in the bottom which opens as 
the bucket is lowered, and closes as it is raised. Standard drilling is 
not continuous as with rotary drilling, as the string of tools has to 
be removed frequently to clean out the hole and change bits. It is 
costly and requires an expensive outfit as many difficulties are en- 
countered in deep drilling. The string of tools is frequently lost and it 
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is necessary to maintain an outfit of fishing equipment to recover lost 
tools, the fishing operations in many wells taking more time and caus- 
ing -more expense than the actual drilling. The advantages are that it 
is adapted to drilling in all kinds of rock, is not limited to any ordinary 
depth, a good record of strata and water beds may be kept and all 
satisfactory water bearing strata may be utilized. 

Jetting Wells 

The jetting process for the sinking of wells might be called a com- 
bination of the standard drilling and hydraulic rotary processes, in a 
modified form. The jet consists of a drill on the lower end of the 
pipe with openings to allow the water to escape. The drill loosens the 
consolidated materials and the water washes the cuttings out of the 
hole. As with the rotary process jetting can only be done in soft ma- 
terial. Jetted wells are limited in size and can be sunk only to a moderate 
depth. The method is very rapid in soft materials and is much cheaper 
than the rotary and other drilling methods. 

Bored Wells 

Bored wells are from 12 in. to 3 ft. in diameter and are sunk with 
an earth auger turned by hand or by horse power. The auger is 
lowered into the hole and turned around until filled with material 
when it is raised by a windlass or block and fall and emptied. The 
well is usually cased with wood or tile. This type of well is limited 
to a depth of 40 or 50 ft. in most localities and as a result is dependent 
on the strata lying near the surface and seep water. Such a well is 
subject to contamination, stagnation and frequent failure during drouth. 

Its advantages are that it is constructed cheaply by unskilled labor 
and with very little expense for tools or curbing. 

Driven Wells 

Driven wells are of two types. The first, and most common type 
is made by driving a strainer and drive point down to the water bearing 
stratum. The water level in a well of this type must be within 25 
or 30 ft. of the surface as the drive pipe is too small to permit of lowering 
a cylinder to the water level. On larger driven wells the casing is 
fitted with a drive shoe and is driven down to the required depth, the 
strainer placed in position and the casing pulled back until the strainer 
is exposed to the sand. In driving the pipe the material is kept out of 
it with a sand bucket. 

Open Wells 

An open well is merely a matter of excavation and curbing. It can 
only be sunk to a comparatively slight depth except at a very heavy ex- 
pense. The supply is limited to seep water and such sources as lie near 
the surface. The well requires frequent cleaning, and can not be 
depended on during periods of drouth. 

The cost of drilling wells varies with the size, depth, kind of well, 
material, etc., to such an extent that no figures on cost may be given that 
would be of any particular value. As an illustration of the difference in 
cost of drilling under varying conditions, a number of deep borings are 
given, together with the cost. These borings include the deepest wells 
in the world. 

1. Coalings, California. Well 2,890 ft. deep. The well was carried 
20 in. in diameter for 2,000 ft, followed by 12 in. and finished 10 in. 
The drilling operations extended over a period of 9 years, and the cost 
is said to have exceeded $150,000. 

2. Two and one-half miles west of West Elizabeth, Pa. Well 5,575 
ft. deep, from 10 in. to 6}i in. in size, cost $40,000. 
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3. Six miles west of Los Angeles, California. Well 5,660 ft. deep, from 
16 in. to 454 in. in size. Cost approximately $100,000. 

4. Schladeback, near Leipsic, Germany. Well 5,735 ft. deep, from 
11 in. to 1.3 in. in diameter. Cost $53,076. 

5. East of Rybuick, Upper Silesia, Germany. Well 6,572 ft. deep, 
from 3.6 in. to 2.7 in., cost $18,241. 

6. Czuchow, Silesia, 7,347 ft. deep. This hole cost $80,082 and was 
given (1913) as the deepest borehole in the world. 

(1-3-5, Oil City Derrick) 

(2-4-6, U. S. Geological Survey) 

C. R. KNOWLES, 

Chairman. 



WOODEN TANKS 

By C. R. Knowles, Superintendent Water Service, Illinois Central 

Railroad 

While discussions of steel and concrete tanks occupy a place in the 
great mass of engineering literature, it is surprising to note that but 
little has been written on the "subject of wooden tanks, notwithstanding 
the fact that the wooden tank antedates both the steel and the concrete 
tank by many years. It is apparent that wooden tanks have been neglect- 
ed by writers on engineering subjects except to the extent of publishing 
certain specifications and designs. The subject appears to be a timely 
one in view of the present steel situation and the fact that the concrete 
tank has not been developed to such an extent that it can replace either 
steel or wood entirely in tank construction. 

Within the past few years steel tank construction had reached a 
point where it had largely supplanted the wooden tank on railroads on 
account of the low cost of production, improvements in design and the 
increasing scarcity of suitable timber. The unprecedented conditions 
growing out of the world war have resulted in greatly increasing the 
cost of steel tanks and this increased cost and the uncertainty of de- 
livery have compelled many railroads to again give consideration to 
wooden tanks. Although conditions relative to the available material 
for wooden tanks have not improved there seems to be sufficient ma- 
terial to supply the demand and while the price has shown an increase 
in cost it has not kept pace with the cost of steel plates. A surprising 
feature of the situation has been the fact that the manufacturers of 
wooden tanks do not appear to be alive to the situation and the op- 
portunity to push their product. In spite of this apparent apathy on 
the part of the wooden tank manufacturers there has been a decided in- 
crease in wooden tank construction on railroads which has been further 
augmented by the ruling of the Railroad Administration prohibiting the 
use of steel plates for the construction of water or oil tanks, except 
in high tanks where steel is essential. 

The wisdom and necessity for such a ruling is at once apparent to 
all who realize the present shortage and need of steel in carrying on 
the war, yet the railroads generally do not seem to be aware of that 
fact as is shown by a circular from the Southern Regional Director dated 
Sept. 16 quoting a letter from the Priorities Committee of the War 
Industries Board to the Central Advisory Purchasing Committee stating 
that applications from contractors for priority on steel intended for 
the construction of railroad water tanks have been declined and that 
" It is to be regretted that the railroad companies generally have not 
yet realized the shortage of steel." The letter further states that manu- 
facturing concerns are being required to use wood or concrete, not 
only for water but for the storage of fuel oil. The circular adds that all 
concerned should understand that applications will not be approved by 
the Priorities Committee for the construction of steel water and oil 
tanks and that the construction of such tanks must be confined at 
present to wood and concrete. That there is some question as to the 
suitability of concrete for the construction of water tanks generally is 
shown by a letter from the Northwestern Regional Director to the 
Northwestern railroads requesting information relative to concrete 
tanks. The letter requests specific information as to the length of service, 
and condition of tanks, and details of maintenance and cost, if any. It 
also calls for information as to the effect of climatic conditions on 
tanks now in use, admonishes the railroads to " Bear in mind particularly 
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the effect of freezing temperatures," and closes with a request for the 
recommendations of the railroads as to the use of concrete for the 
construction of water tanks. 

The increased activity in the construction of wooden tanks, together 
with the growing demand in other lines for timber formerly used in 
tank construction naturally resulted in greatly increased costs and scar- 
city of suitable tank timber, especially for the larger sizes of tanks. 
The result has been that cheaper timber of shorter life is being used and 
the standards of wooden tank construction have been materially lowered. 
The solution of the problem appears to be the use of treated timber for 
the construction of tanks where suitable timber is not available; at 
least until the present world war is brought to a conclusion. 

Timber Suitable for Tanks 

The subject of timber suitable for wooden tanks will be dealt with 
lightly here as the committee report on railway water tanks in the 
1915 proceedings of the Association goes into the question of tank tim- 
ber extensively and but little can be added at this time. At the time the 
1915 report was written cypress predominated as a tank material, while 
at the present time redwood probably predominates with Douglas fir 
a close second, although cypress is still being used to a large extent, 
but at a greatly increased cost. Heart red cypress, of course, leads all 
available timbers in tank construction for long life although the 'scarcity 
of this admirable timber is growing more apparent year by year. Red- 
wood is beyond a doubt second only in permanency to cypress; in fact 
many engineers on the Pacific coast maintain that redwood is as durable 
as cypress for tank construction and point to redwood tanks 40 years old 
and still in service as verification of their claims. Douglas fir and southern 
heart pine are about of equal value as tank material with a life of ap- 
proximately 10 years. 

Development of Construction 

Wooden tanks are generally built circular in form as this shape is 
more simple and economical in construction than any other form, the 
simplicity and economy being chiefly in the reinforcing required. A 
rectangular tank would probably not require any more framing than a 
circular tank, but would require a great deal more reinforcing than a 
circular tank of the same capacity, although many rectangular tanks 
have been built. 

The Philadelphia & Reading at one time adopted as its standard, 
a rectangular or box tank, 15 ft. wide, 29 ft. long and 8 ft. deep inside 
measurements. The capacity was 26,000 gal. The advantage claimed for 
this style of tank was that it was cheaper to build than the circular 
tank and did not require as high a class of labor for erection. While this 
may have been true a few years ago when labor, lumber and iron were 
cheap, the opposite is the case today and square tanks are rarely con- 
structed except in small sizes for emergency stations where material is 
not available for the construction of circular tanks. 

There has been but little change in the design of circular wooden 
tanks since their first construction, as it is obvious that this type of tank 
will permit of but slight modifications, although there has been a wide 
variation in size, the capacity increasing with the greater demand for 
water and the necessity for additional storage. The only marked 
change in wooden tank construction from the earliest form to the 
present type has been that of eliminating the taper of the staves. Up 
to within a very few years ago all wooden tanks were constructed with 
tapering staves, making the tank smaller at the top than at the bottom, 
the original reason for this being that the hoops were not provided with 
lugs and bolts, but were riveted to the required diameter and driven down 
on the taper of the tank until they were tight as in driving a hoop on a 



WOODEN TANKS 77 

barrel. The sectional hoop with lugs and bolts replaced the solid hoop 
as it was found more satisfactory, especially for the larger tanks. The 
sectional hoop eliminated the necessity for tapering tanks, and the great 
majority are now built with the top and bottom of the same diameter, 
although a few roads have clung to the taper tank, probably from force 
of habit. 

There have, of course, been certain modifications in the design of 
staves, hoops, etc., that have not materially changed the design of the 
tank. One of these is a lion-shrinking stave, being made with a deep 
channel or groove in the top. This groove is filled with water from the 
pump discharge, which passes into the pores of the wood, keeping the 
top of the staves moist even when the tank is only partly filled and pre- 
venting shrinkage. 

Sizes of Tanks 

Wooden tanks are commonly constructed in practically all sizes up 
to 30 ft. in diameter and 20 ft. staves, and in some few instances in larger 
sizes. A 20 ft. by 30 ft. tank with a capacity of 100,000 gal. would ap- 
pear to be the economical limit. If it is desired to build a wooden tank 
of greater capacity than 100,000 gal. the increased capacity should be 
gained by increasing the height of staves rather than the diameter of 
the tank. The longer stave would require more hoops and closer spacing, 
while an increased diameter would require thicker staves and bottom 
plank to maintain the required factor of safety, and if a much greater 
diameter were obtained bracing of the staves would be required to 
preserve the circular shape of the tank, as the pull of the hoops has a 
tendency to flatten the walls and throw the tub out of shape. Also the 
additional load would require a stronger tower. The additional cost 
of storage per thousand gallons would probably be more than if two or 
more tanks were constructed. Therefore, it is generally conceded that 
the construction of units within a capacity of 100,000 gal. represents the 
most economical construction. There is also a certain advantage in 
having two or more tanks as one tank may be taken out of service 
while being cleaned or repaired, without interruption to service. 

Decay of Tanks 

When the fibres of the wood comprising a tank are thoroughly 
saturated with water, decay is practically impossible; on the other hand 
if the wood was perfectly dry there would be little likelihood of decay. 
In water tanks, however, there is always an intermediate condition of 
moisture in which the wood is dry on the outside and wet on the inside, 
thus promoting rapid decay unless the timber has been carefully selected 
and has a relatively long life. 

It is difficult to point out any portion of the tank more susceptible 
to decay than another, although decay in the tops of the staves is more 
noticeable, and the timber probably decays more quickly here than in 
any other part of the tank. If this is true it is very likely caused by 
a wider variation in the degree of saturation owing to the tank being 
filled and emptied. One of the arguments put forth in favor of roofs on 
tanks is the protection given the tops of staves. The advantage of a 
roof in the prevention of decay in the staves is extremely doubtful, as 
the only function it can perform is to keep the staves dry, which is 
obviously impossible in a tank used for the storage of water. To repeat 
a former statement, the most effective method of preventing early decay 
in wooden tanks is the careful selection of timber having a relatively 
long life or treating the timber to prevent decay. Poor inspection of 
timber is responsible for much of the decay in wooden tanks. A few 
poor staves in a tank will cause trouble even if the remainder of the 
staves are perfect. 

An interesting feature is brought in connection with a 16 ft. by 24 
ft. white pine tank taken doVn after 30 years' service. It was necessary 
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to renew the entire tank, but it was found that the staves on the north 
side of the tank were in much worse condition than any of the rest; 
the reason for this is given that the north side was always shaded 
which allowed moss to accumulate and assist decay. Another instance 
is quoted where heart cypress with an ordinary life of over 30 years 
failed from decay in 15 years owing to water shortage causing the tank 
to remain dry at periods several times each year. 

Creosoted Water Tanks 

The Illinois Central has recently started to use creosoted timber in 
the construction of its standard wooden water tanks. Nine of these 
tanks constructed during the past year proved so successful that this road 
is now building more and has practically made the creosoted tank its 
standard. Creosoted tanks were resorted to on account of the high 
price and great demand for steel for other purposes than tank con- 
struction, and the scarcity and cost of timber that would be suitable for 
use without treatment. 

Although there are many different timbers commonly used in the 
construction of water tanks, there are but few available in suitable sizes 
and lengths to be used in the construction of large tanks, and when the 
life of the timber is considered this list may possibly be reduced to two, 
— cypress and redwood. The great demand for these timbers has been 
such that the price has advanced rapidly and suitable lengths are dif- 
ficult to obtain. Undoubtedly the timber situation will grow worse 
as the war continues. Thus the use of lower grade timber that will take 
treatment readily appears to be a timely move. 

The creosoted tanks built by the Illinois Central are of their standard 
sizes, of 100,000 gal. capacity with a 20 ft. stave and 30 ft. bottom, and 
50,000 gal. capacity having a 16 ft. stave and a 24 ft. bottom, no change 
having been made in the plans formerly used fof the construction of 
untreated wood tanks. The timber used is loblolly pine, coming under 
the general specifications for tank timber except that no restrictions are 
made as to heart or sap. The timber is air seasoned and should be 
permitted to season for three months in favorable weather. The method 
of treatment employed is the Rueping process, using about 5 lb. of oil per 
cu. ft. of timber. The oil used is a coal tar creosote, coming within 
American Railway Engineering Association No. 1 Specifications. The 
tank towers, constructed of 12 in. by 12 in. posts and 6 in. by 8 in. braces, 
roof, frost box, ladder and all timber entering into the complete struc- 
ture is creosoted. 

A very important feature in the construction of these tanks is that 
all timber more than 1 in. in thickness is framed before treatment, to 
secure the maximum life from the treated timber. The work of framing 
the tank before treatment is given such careful attention that it is rarely 
necessary even to bore a hole in the treated timber during the field 
erection of the tank. The work of framing and treating is done by 
company forces at the Grenada, Mississippi, creosoting plant. The tanks 
are erected by line gangs. Thus, in the manufacture and erection of these 
tanks the Illinois Central is independent of outside ^forces except the 
mills which cut the timber and ship it to Grenada in the rough. 

When one discusses creosoted tanks for the storage of water the 
question is immediately raised as to the effect of the creosote on the 
water. In the tanks construction on the Illinois Central the presence 
of creosote in the water has been so slight as to be hardly noticeable 
and it has had no detrimental effect whatever upon the water. The 
Bureau of Industrial Research of the University of Washington con- 
ducted extensive tests of creosote wood stave pipe to determine its ef- 
fect upon water for domestic and irrigation purposes. The test was 
conducted to determine the effect upon water carried by a 56-in. cre- 
osoted wood stave pipe line 22^ miles long, from the Landsberg intake 
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on the Cedar river to the Volunteer Park reservoir in the City of Se- 
attle. In conducting the experiment a smaller pipe was used but care 
was exercised to have the conditions in the experiment representative 
of those existing in the larger pipe lines. The conclusions of the Bureau 
were that there was no detrimental effect of the creosote on the water. 
These conclusions were borne out fully by the results on the Illinois 
Central and the creosoted tank has proven an unqualified success. 

Frost Proofing 

A wooden tank is in itself a certain protection against frost. No 
frost proofing is required for the tank proper throughout the greater 
portion of the country and in few cases is any required even where the 
most severe cold weather prevails, providing the consumption of water 
each 24 hrs. equals the capacity of the tank. This, of course, applies only 
to the tank, as the inlet and outlet pipes will have to be protected against 
frost where a freezing temperature exists. The most effective frost box 
is^ one constructed with one or more air spaces. The walls should be 
of dressed and matched lumber and lined with building paper to make 
them as air tight as possible. More frost protection is always required 
where surface water is used than with water from wells as the tempera- 
ture of ,well water is usually above 50 deg. F., while the temperature of 
surface water is often only slightly above the freezing point. 

No set rules may be applied to frost protection as weather and other 
conditions vary so widely throughout the country that uniform prac- 
tice is out of the question. The factors governing are: (1) Source of 
supply and initial temperature of water, (2) Minimum temperature pre- 
vailing and duration of temperature below freezing, always remembering 
that a temperature of 20 degs. below zero maintained for two weeks 
offers a far more serious problem in frost proofing than 40 deg. below for 
two days. (3) Size of inlet and outlet pipes, and whether flow of water 
is continuous or intermittent. (4) Consumption of water in relation to 
the storage capacity of taqk. Wherever possible artificial heat should 
be dispensed with as stoves are responsible for more than 50 per cent 
of the tank losses from fire. 

Fire Risk 

While a wooden tank may be destroyed by fire as readily as any 
other frame structure when exposed to a fire hazard it is not the great 
fire risk that it is popularly supposed to be. An analysis of the tank 
fires occurring over a period of ten years on a railroad having 341 wood- 
en tanks in service is as follows: 

Number of wooden tanks 341 

Insurable value $591,517.00 

Average insurable value per tank . . 1,734.60 

Total fire loss ten years 22,635.52 

Average loss per tank, per year 6.64 

Percent loss to total value .38 

During this period there occurred 17 tank fires, 10 of which re- 
sulted in the total loss of the tank or an average of one each year which 
would indicate that the chances of a tank being destroyed by fire are in 
a ratio of about 1 to 350. 

While the record of tank fires given above is not one to be proud 
of it is probably representative of the railroads of the country although 
it is expected that the loss can be kept well below the above figures by 
making a careful analysis of the causes and applying preventive meas- 
ures. 
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Analysis of the causes of the fires is as follows: 

6 fires caused from thawing pipes Total loss $11,780 

3 " " " overheated stoves " " 4,850 

3 " " " sparks " " 2,775 

1 " " " cleaning lamps " " 1,700 

1 " " " tramps " " 1,500 

2 " " " foreign exposure " " 29 



Total $22,635 

It will be noted that 52 per cent of the losses were caused from 
thawing frozen pipes, 21 per cent from overheated stoves used to keep 
the tanks and pipes from freezing and 8 per cent from cleaning lamps 
under the tanks, or a total of 81 per cent of the losses may be charged 
directly to carelessness. If we include the fire caused by tramps we 
have a loss of $19,830 or 88 per cent of the total in ten years for 
which no reasonable excuse may be offered. It is interesting to note 
that 13 of the fires occurred during the winter months, 4 in November, 
3 in December and 6 in January, with a loss of $19,830, or nearly nine 
tenths of the total, indicating that the danger from fire is almost wholly 
confined to the winter months and that protection from frost is also a 
protection against fire. 

Life of Wooden Tanks 

A letter of inquiry requesting information as to the life of wooden 
tanks was sent to 45 railroads and 27 answers were received. While 
much valuable information was obtained from the replies to the letters, 
the figures and estimates given as to the life of tanks were almost as 
many as the replies received. It should not be assumed that the figures 
given for the life of tanks were incorrect as the information submitted 
was undoubtedly as accurate as it was possible to give. 

The variation in the figures submitted on the life of timber on 
various railroads goes to show that no accurate estimate may be made 
on the life of tank timber that will apply to all sections of the country. 
It is characteristic of timber that it is more durable when used in the 
region in which it is grown than when used elsewhere, for nature seems 
to have fortified the timber against decay to a certain extent when 
it is kept in its native climate. 

One railroad reports 77 redwood tanks in service in California rang- 
ing from 26 to 48 years old, while another road reports redwood tanks 
renewed in Wisconsin after only 15 years of service. Twelve white 
pine are reported in service in Michigan with an average life of 35.4 
years, while it has been necessary to replace white pine tanks in Mis- 
souri after 12 to 13 years. A Texas road reports cypress tanks in service 
as follows: 

5 tanks 31 years old 

8 " 30 

3 " 29 

while several eastern roads fix the maximum life of cypress at 25 years. 

A tabulation is submitted herewith showing the life of 310 tanks, 184 
of which are still in service and 126 of which have been relieved. In 
preparing this tabulation only figures were used where the definite life 
of the tank was given. The lack of definite information as to the life 
of tanks as given in these letters shows the necessity of keeping more 
accurate records of the tanks in service than has been the practice in 
the past. The tabulation is as follows: 
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AVERAGE LIFE OF 184 TANKS IN SERVICE 

Redwood 
Railroad " A " 11 tanks Average life 32.6 years 

Cypress 

Railroad " B " 29 tanks Average life 28.3 years 
" C " 25 " " " 25 

"D" 3 " " " 32 



ft 



tf 
ft 



White Pine 



Railroad " A " 24 tanks Average life 29.7 years 
"E" 12 " " " 35.4 " 

Seven Railroads 184 tanks Average life 30 years 

AVERAGE LIFE OF 106 TANKS RELIEVED 

Cypress 

Railroad " B " 24 tanks Average life 27.3 years 
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78 Average life 27 

(See further reference in second paragraph following) 

Yellow Poplar 
Railroad " C " 3 tanks Average life 30 years 

Red Cedar 
Railroad " C " 1 tank Average life 28 years 

Yellow Pine 
Railroad " C " 1 tank Average life 29 years 

Eight Railroads 126 tanks Average life 28 years 

Summary 

It will be noted that the white pine tanks show a higher average life 
than the cypress tanks in the table of tanks still in service while the 
opposite is true in the table of tanks relieved. This may be explained by 
the fact that cypress tanks were not used as extensively as white pine 
tanks up to 20 years or so ago, and on the roads shown there are 
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probably many white pine tanks which were in use before cypress tanks 
were constructed, although there is apparently very little difference in 
the durability of the two woods. 

It is interesting to note that a yellow pine tank is shown with a life 
of 29 years while the life of a yellow pine tank as constructed today 
would probably not exceed 12 years. This difference in life can probably 
be explained in the fact that the trees from which the tank mentioned 
was cut had not been bled of the rosin and preservative oils natural to 
the wood. It should be explained that the life of 28. years given the 
red cedar tank did not represent the extreme life of the timber as when 
the tank was taken down the best of the timber was used in the con- 
struction of a smaller tank which is still in use. The original tank 
was constructed in 1870 which makes the timber in the smaller tank 
48 years old. • 

In the letters received many records were given showing a life of 
only 10 to 15 years for cypress, white pine and redwood tanks. This 
was unfair to the timbers mentioned as the short life obtained was un- 
doubtedly due to poor selection of timber, poor construction, the tank 
not being kept filled with water or some one or more of a number of 
faults that would cause early decay. 

Hoops 

A very complete report on tank hoops will be found in the proceed- 
ings of the Association for 1910 and little may be added at this time 
except to offer a suggestion that consideration be given to the standardi- 
zation of tank hoops. Tank hoops in general use are principally con- 
fined to four different shapes, — round, half round, oval and flat. Even 
when a road adopts a certain shaped hoop it may not be of the same 
dimensions as the hoop used on another road. It would appear that 
flat hoops would be fairly uniform in dimensions but there is probably 
more variation in flat hoops than any other shape. In thickness they 
range from % in. to ^ in. and in width from 3 to 6 in. Some roads 
use a uniform thickness with a varying width; on others the hoop is uni- 
form in width with a varying thickness while still others use varying 
widths and thicknesses and to make matters worse there is much varia- 
tion in the spacing and length of sections. 

There are many reasons why the standardization of tank hoops 
would be advantageous, chief of which is the conservation of steel; 
not that the standard hoop would require less steel to maintain the 
required fibre stress on the hoop but that it would allow the manu- 
facturers to carry less stock to fill orders. On a recent visit to the 
plant of a large tank manufacturer it was found that he had on hand ma- 
terial to supply hoops for perhaps 30 or 40 tanks representing a dozen 
different hoop standards yet he could not ship two sets that were badly 
needed until steel was received from the mill to make up the particular 
type of hoop required. The standardization of tank hoops should have 
a tendency to lower the cost of manufacture and insure better deliveries 
and would, no doubt, result in a better and more uniform quality of 
material. It would appear that there is every reason why tank hoops 
should be made standard and no good reason why they should not be. 

DISCUSSION 

(Wooden Tanks.) 

H. von Schrenk: — I don't think this report should be passed 
without a word of commendation on the work of the author. I 
think Mr. Knowles ought to be complimented on the very able 
and exhaustive manner in which he has dealt with the subject. I 



WOODEN TANKS 83 

would like to ask him if he knows of any other road than the 
Illinois Central which has tried creosoted material for tanks? 

C. R. Knowles : — I understand the Louisville & Nashville built 
some a few years ago. The Big Four has built quite a number on 
steel towers within the last year or so. I think the Illinois Central 
is the first road to adopt the use of the complete creosoted struc- 
ture. Our tanks are creosoted from top to bottom. 

Question: — Does it affect the water for drinking purposes? 

C. R. Knowles: — The creosote has no effect on the water 
that is noticeable except a slight taste at first, but is not absolute- 
ly harmful. The pipe line mentioned in the report as supplying 
water to the city of Seattle carries drinking water. The authori- 
ties had exhaustive tests made to determine the effect of the 
creosote and after the 18th day of the use of the pipe line there 
was no taste of creosote that could be detected. 

Question: — What season of the year were the Illinois Central 
tanks erected, and if the work was done during warm weather 
what effect had the creosote on the eyes and faces of the men 
assembling the material? 

C. R. Knowles: — Each man might give a different answer 
to that. We have erected some in the winter time which is pre- 
ferable because the timber is easier handled than in warm weather, 
but we were erecting them all through last summer and I have 
heard of no objections on the part of the men engaged on the 
work. In fact we have been putting up creosoted towers for 
the past 18 or 20 years and I cannot recall any serious objections 
or complaint where any of the men became injured or even affected 
in any way by the creosote. 

P. J. O'Neill : — I erected a white pine tank of 36 ft. diameter 
holding 125,000 gal. in 1895. After we gave it a thoro; coat- 
ing of carbolineum we found it had a very disastrous effect on 
the men and that wherever the skin was exposed it was worse than 
sunburn. Perhaps the men, when erecting the tub of a tank, 
come in closer contact with the material they handle than they 
do when erecting a tower. But the carbolineum certainly pre- 
served that tank. It is as good today as ever. At the time we 
erected that tank we connected it with an 8 in. pipe to supply a 
standpipe. Later we ran a 12 in. pipe for this connection and 
cut another hole through the bottom of the tub. I kept the piece 
that was sawed out after it had been in service about 20 years 
and it was apparently just as sound as the day it was first put into 
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use. There was not the slightest indication of decay. The tim- 
ber used in this tank was selected white pine and had no sap. 
Wherever white pine tanks have failed I think it has been due 
to sappy material. In later years when we used white pine for 
tubs I found it was difficult to get planks that one could use with- 
out losing 20 to 30 per cent on account of removing sappy ma- 
terial but I thought it paid even to do that. Once in a while a 
stave will get in which has some sap and it was found that it had 
to be patched before many years. 

J. P. Wood: — The material which Mr. Knowles used prob- 
ably had been treated with about 5 lb. of creosote per cu. ft. Had 
his men been using timber that had 12 to 15 lb. per ft., as is used 
for standard bridge work, his men probably would have made some 
complaints. 

The Secretary: — The treatment of the material used for 
tanks and pipe lines is probably not so heavy as that used in bridge 
work and for other purposes, but even if it were it can be handled 
by the men without injury from the treatment if properly done 
and at the right time, provided the necessary precautions are taken. 
It is perhaps not advisable to use creosoted material or that coated 
with carbolineum soon after the treatment has been applied or 
under certain atmospheric conditions. Some degree of judgment 
must be applied in such cases, the same as in connection with any- 
thing else. The creosoting of material has come to stay, for some 
time to come at least, and we must learn how to work with it. 

H. von Schrenk: — There has been a good deal of complaint 
from time to time as to the injuries received by workmen as a re- 
sult of working with creosoted material. We have had a num- 
ber of lawsuits connected with that problem and I found that the 
injury complained of was confined principally to light-skinned 
and fair-haired people. Swedes are more affected than the so- 
called Americans with dark skin and dark hair. In the south 
the negro is never influenced by it at all but a man with light skin 
is liable to have his hands and face blistered if he is not careful. 

It was found to be the best preventive to have the foreman 
advise the men to cover their hands and face with a kind of oil 
or vaseline before they went to work ; nine times out of ten they 
then suffer practically no effect whatever. 

The degree of injury depends somewhat on the kind of treat- 
ment which is used. The creosote used years ago had a very 
much more active effect than that used at the present time be- 
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cause the oil was so much heavier. I don't think the injury usual- 
ly is anywhere nearly as much as one is led to believe by some 
reports. I have personally traced down a great many such re- 
ports and often the injury is due to something else. It looks 
like a severe case of poison ivy. The application of oil is a good 
remedy. 

E. E. Clothier: — My experience has been that my men have 
suffered as much on the unexposed parts of their body where the 
creosote seemed to penetrate their clothes as on their hands and 
faces, and it came to a point where they almost refused to work 
on account of the effects of the creosote. I never noticed the dif- 
ference resulting between light and dark complected people. 

C. R. Knowles: — It seems to me that some time ago a law- 
suit on the Louisville & Nashville was brought by someone who 
claimed that he had been injured by creosoted timber and that the 
defense demonstrated its case by one of the parties washing his 
face and hands in a basin of creosote oil in the courtroom. 

H. von Schrenk: — I do not know of that particular case, but I 
did that very thing myself and it did not harm me in the slightest 
degree, — although a great many people are affected by it. How- 
ever, most of the lawsuits are fictitious — like the famous story of 
the jersey cow. 

In another case two hours were spent in reading the Sangers 
of creosote and then I was asked to agree to the correctness of 
the statements, to which I fully agreed. But this was a chemical 
compound of creosote condensed for medical purposes. That, 
however, has no connection with creosote oil in common use. 

C. R. Knowles: — There is no question but that the most im- 
portant feature in connection with the construction of non-treated 
wooden tanks is the selection of the material; and the premature 
failure of wooden tanks, I believe, can be traced almost entirely 
to the poor selection of material where a durable long-lifed tim- 
ber has been used. I recall an incident of a few years ago where 
we moved three cypress tanks. Our standard up to within the 
last 10 years was an 18 ft. by 30 ft. tank. We moved three of 
these, one of which was constructed in 1904, another in 1909, and 
the third in 1911. The first of these was in better condition than 
either of the other two, and I think that we renewed three staves 
in it when we rebuilt it. We renewed something like 14 staves on 
one of the other tanks and 20 to 30 on the third. These were re- 
constructed after being in service from 6 to 10 years and were 
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better then than before on account of culling out the poor ma- 
terial that crept in in the first place. 

W. E. Alexander: — I am interested in this talk on wooden 
tanks. We are in a cold climate and have nothing except wooden 
tanks on our road (the Bangor & Aroostook). We have tanks 
ranging in size from 10,000 gal. to 100,000 gal. capacity. We have 
some tanks that were built as far back as 1892 and some of them 
are still in service. They were furnished by Fairbanks, Morse & 
Co., and were built of Michigan pine. They have the original 
hoops, but some of the later tanks have hoops that last but a 
short time. We had one tank which was erected on a SO ft. tower 
where the hoops rusted off and fell to the ground twice in three 
years. Where the modern hoops are likely to give out we place 
round hoops between the flat ones as a matter of safety. 

In our country one cannot build tanks that are secure from 
frost. We usually enclose the space beneath the tank and pro- 
vide a stove with a cast iron pipe extending up through the tank 
which prevents freezing. Some of the tanks are provided with 
oil heaters. We tried tanks built in the ordinary way with the 
standard frostproof boxes but we had to resort to the heaters. 
It is a serious problem with us when the temperature gets from 
35 to 40 deg., and more, below zero, especially where we do not 
pump from wells and where we do not use a great deal of water. 
Wherever we have steam pumps we also run the exhaust steam 
into the water going into the tank which helps a great deal. 

We have never lost a tank from heating by stoves and oil 
heaters. 

J. P. Wood : — Where a tank is emptied once in 24 hr., even 
in our cold climate in Michigan, it does not require any extra pre- 
cautions beyond the standard frost-proofing, except that one should 
see to it that water is properly drained in the vicinity of the frost 
box. This year I have been equipping frost boxes and stand pipe 
pits with a steam coil direct from the pump boiler. Of course, 
where we have only gasoline or kerosene engines we are not able 
to do that. 

I have one plant where the piping is protected with asbestos 
covering. We have yet to ascertain just what success we will 
have with that. It has been in service a couple of years and so 
far we have had no trouble. Just now we are using a frost 
box with two air chambers just large enough to contain the pipe 
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and the pipe covering. The frost box is only about 12 in. in di- 
ameter over all. 

P. J. O'Neill: — ^We have a great many wooden tanks but 
I have no fear from frost. Last winter when it got down from 
10 to 20 deg. below zero we experienced no frost trouble. I do 
not mind the freezing of the ice on the inside of the staves. Let 
it freeze; it is a protection after it becomes 15 to 18 in. thick. We 
put a 12 in. extension on the outlets in the bottom of the tanks 
to allow for freezing. 

We construct a brick frostproof box just inside of the four 
center posts, built of two brick walls with a 4 in. space between. 
We have a concrete pit in the bottom in which a fire may be built 
if the temperature gets below zero. There is no danger, for the 
fire is 25 to 30 ft. below the bottom of the tank. That keeps the 
frost box warm all the way up. The bricks get warm and I dare 
say that 24 hr. to a week after it will not freeze in that frost box. 

C. R. Knowles: — Two air spaces are not enough in this cli- 
mate where building paper and lumber is used for the frost box. 
Brick is much better. In addition to being a better frost protec- 
tion it is also fireproof. Where we use lumber we make four air 
spaces on the northern territory occupied by our road. That part 
of the frost box beneath the ground is built of concrete with a 12 
in. wall. The central air space extends below the frost line and 
there is no trouble with freezing of the inlet pipes because of the 
benefit of the warmth from the earth below. It gets pretty cold 
in Iowa and Minnesota. The winter of 1911 and 1912 I don't 
believe it was warmer than 20 deg. below zero at any time from 
the middle of January to the middle of February, but we had very 
little trouble with outlet pipes freezing. I think a great deal of 
the trouble, where it exists, results through carelessness in allow- 
ing the outlet valve to leak, but where it is kept tight and where 
the tank is filled and emptied daily there should be little or no 
trouble in this latitude with wooden tanks. We use stoves in a 
good many of our tanks west of here but they are mostly on 
branch lines where we have but one or two trains per day and a 
tank of water may last perhaps a week. However, I really think 
that the majority of the stoves are used largely as a force of 
habit. 

E. E. Clothier: — ^We (C. M. & St. P.) have four air spaces 
in the frost box. The inner space is large enough to accommodate 
a car heater. The temperature in our country west of Mobridge 
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gets as low as 42 deg. below. I have had tank valves become 
clogged with ice when the water would escape in sufficient quan- 
tity to freeze the train to the track opposite the tank. At each 
tank we have a hose that can be connected with the locomotive to 
be used in thawing ice in and about tanks. 

C. R. Knowlesi — It is true that trouble is often caused in 
tanks from ice breaking loose during thawing weather, getting un- 
der the valves, etc. Then again, while an engine is taking water 

* 

ice may form in needles and sometimes freeze the valve to 
the seat. 

F. M. Case: — I would like to ask Mr. Knowles as to the 
thickness of the staves and bottom of the Illinois Central tanks? 

C. R. Knowles: — Our tubs are built of 3 in. material through- 
out. 

F. M. Case: — Some roads use 4 in. material. What is your 
opinion of the difference in the lasting qualities of the 3 in. and 
4 in. material ? 

C. R. Knowles: — I cannot say, but I think the same theory 
would apply as with the wood stave pipe lines. If you exceed a 
thickness of 3 in. in tank material you are going beyond the limit of 
saturation; in other words the inner portion is saturated and the 
outside shell is dry, which promotes decay. Therefore I should 
think a 3 in. thickness is preferable. 

A. S. Markley: — ^We do not use stoves and as a result we 
have some freeze-ups. There is a difference where the water 
is supplied to a locomotive from a tank or from a stand pipe! 
One is liable to have trouble in taking water direct from a tank if 
a leaky valve exists. We have pine tanks in service since 1888 
which are in good condition yet. We have red cypress tanks built 
in 1881 which are still good. We have fir tanks that were 
built in 1884 one or two of which have been renewed while we will 
have to renew several more in the next few years. 

P. J. O'Neill : — Our water tanks are tapered. I do not like a 
tank with parallel staves. With the latter if the tank shrinks a 
little the hoop will fall, while on a tapering tank it simply drops 
down a little and tightens itself. 

J. P. Wood : — I am becoming disgusted with steel hoops as I 
presume every other man is who has had experience with them. 
Hoops that were put on tanks 30 or 40 years ago, made of wrought 
iron, are still good, while the average life we get out of the mod- 
em steel hoop is from 6 to 10 years. 



BRIDGE DECKS AND GUARDS 
COMMITTEE REPORT 

The committee received replies from 25 railroads in response to a 
circular letter sent out soliciting prints of standard practice with ref- 
erence to bridge decks, ties and their spacing, inner and outer guard 
rails, etc. All but 7 responded to the inquiry for information wanted 
although some of the roads sent only partial data as to bridge decks. 

A tabulation for open floor decks for typical steel bridge spans has 
been compiled in Plate 1 from the various replies received, which it is 
hoped will be of interest as showing current practice among most of the 
larger railroads. The committee was impressed with the practical agree- 
ment as to the use of T-rails for inner guards. Generally second hand 
and scrap rails removed from running tracks or from stock are used. 
An old frog point, or a point casting, is used where facing the traffic 
and in a few cases also where trailing the traffic. Plate 2 illustrates the 
use of the inner guard of T-rail section in connection with a second- 
hand or remodeled frog point. Plate 3 shows a type of point casting 
used by some of the railroads. Points are of course used at each end 
of a single track bridge, the distance from bridge ends varying from 
30 ft to 90 ft. The distance between the heads of running rails and 
guard rails is found to vary between 8 and 10 in. However, 8 ill. and 9 
in. spacings predominate. It is not clear in some cases whether the 
inner guard rail is spiked to every tie or every other tie. Plate 2 shows 
the inner guard rail spiked to every other tie throughout the length 
of the bridge. Plate 4 shows the Pennsylvania railroad standards for 
bridge guards. 

The decks of timber bridges need not be fully discussed in this 
report as they have been covered previously in volume 25, page 71 of 
our proceedings. It is noted however in the replies received that 8 in. 
by 8 in. ties, 10 to 12 ft. long seem to be the most popular for decks of 
timber trestles, with 6 in. by 8 in. outer guard timbers generally in use. 

The fire proofing of bridge decks has been also reported on in 
volume 21, page 47. There is apparently no change in this practice. 
Bridge number boards are generally attached to the bridge decks and our 
members are referred to volume 21, page 85 for a committee report 
on this practice. Also for the kinds of timber entering into timber 
trestles and in bridge decks one should refer to volume 19, page 175 of 
our proceedings. 

Plate 5 shows the practice of the Rock Island lines with respect 
to ballasted floors for steel girder spans. A treated timber deck supports 
the ballast and track. We consider this good practice where treated 
timber is used in preference to reinforced concrete deck slabs. The 
matter of reinforced concrete decks in connection with ballast floors is 
a subject in itself and one should refer to volume 24, page 133 of our 
proceedings for a concise report on this practice. 

Referring to the subject of the open floors in steel bridges, the 
general practice seems to be as follows: Every second or third tie is 
bolted to steel stringers or girders. Outer guard rails are generally 
bolted to every third or fourth tie by means of machine bolts or lag 
screws. Inner guard rails are usually spiked to every second tie, and 
in a number of cases to every tie. 

The tabulation on Plate 1 shows the practice with reference to 
spacing ties and guard rails. Most of the replies received did not 
indicate whether tie plates were used under running rails on ties on 
bridges. We assume that railroads using tie plates under rails on 
ordinary ballasted tracks on roadway would likewise use them on 
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bridges. It is hoped that the use of tie plates will be fully brought 
.out in the discussion of this report. One company reports the use of 
tie plates also under the inner guard rail. 

It is suggested that railroads working up new standards of practice 
should be governed by the following principles, so far as steel spans are 
concerned: A constant distance should be maintained from center to 
center of stringers, and of girders up to considerable span length; 
no change in size of tie will then be found necessary. The width of 
deck and the distance " in to in " of outer guard rails may thus be 
kept uniform, which will give a good appearance, and also reduce the 
number of sizes of sheets of galvanized iron required to be held in stock 
where it is the practice to fireproof decks with sheet iron. 

H. A. Gerst, 
W. S. Bouton, 
J. S. Huntoon, 
W. A. Spell, 

E. K. Barrett, 

F. A. Benz, 
W. L. Rohbock, 
R. H. Reid, 

Committee. 
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DISCUSSION 

(Bridge Floors and Guards) 

H. A. Gerst: — I would like to ask if any of the members pres- 
ent have any thoughts on the matter of spiking the rails to bridge 
ties where the angle bars occur. There seems to be a difference 
of practice in that respect and I believe the discussion ought to 
touch on that particular point. 

F. E. Schall : — On the Lehigh Valley we do not spike the rail 
through the slot in the angle bars on bridges, on account of the 
creeping of the rails. This is especially objectionable on through 
bridges where the floor beams project above the base of the rail. 
The spiking of angle bar slots invariably splits the tie so spiked. 

D. B. Taylor: — The B. & O. does not spike in the slots of the 
angle bars on account of the creeping of the rails, just as explained 
by Mr. Schall. 

H. A. Gerst: — I would like to ask if any of the members 
know of the practice of spiking over the lip of the angle bar through 
holes especially punched in the tie plate? That is, not spiking 
through the slots in the base of the angle bar but on the outside of 
the lip so that it will not prevent the rail from creeping? 

E. E. Clothier : — I do not think it is practical to spike through 
special slots or at the ends of the angle bars. 

H. A. Gerst: — I meant through special holes in the tie plates, 
so that the spikes could be set out. 

E. E. Clothier : — We spike through the tie plates. We always 
keep away from the angle bars. We do not spike at the ends of 
the angle bars or through the bars. 

H. A. Gerst: — Or along the side of the bar? 

E. E. Clothier: — Along the bar the spike allows the rail to 
creep with the change in temperature but does not move the tie. 

H. A. Gerst: — But you do spike along the side of the angle 
bar ? 

E. E. Clothier : — Yes, but not in the slots or the specially pro- 
vided holes. 

A. McNab: — ^We space our ties 12-in. centers and spike 
every other tie. We never allow the bridge men to spike the angle 
bars but when the section men come along, if anything occurs 
they will spike them. How are you going to get away from that 
condition? That has been the great difficulty and we find that we 
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have more or less trouble right along with the section men spik- 
ing the slots in the angle bars on bridges. 

W. E. Alexander: — I agree with what has been said about 
not spiking in the slots or at the ends of the plates and of the 
angle bars. It is poor practice. It is liable to injure the tie. The 
rail will creep some and if it creeps the spike will injure the tie 
where it is fastened here and there. It is only at the joints that 
that happens but it is liable to injure the tie there. I have seen 
it done frequently. Our practice is to put hard pine ties on bridges 
on 12-in. centers, spiking every tie and boring for the spiking. We 
never spike without boring, as it injures the ties. We have spiked 
some ties without boring them and the result has been that whether 
they split then or not, they will split eventually, for the strain on 
the wood with the action of the weather will split them. 

You have heard me speak before about the three guard rails 
between the running rails. I advocate that yet. The three rails 
between the running rails will save the ties in case of a wreck 
• where the trucks may be thrown cornerwise. No truck can strike 
a tie to injure it with three rails between the running rails. You 
cannot put a truck on there that will tear the ties up but you can 
tear a whole bridge floor out with two guard rails and none in 
the center. I have seen that done. It can never occur with the 
center guard rail. You see some bridges here and there that have 
the center guard rail; the Canadian Pacific uses it on nearly all 
of its bridges. We have it in some of our bridges. I wish we 
had it on all of them because I have seen the beneficial results. 

Another thing I do not approve of,-T-is the general practice of 
bringing the rails to a point. I prefer the guard rails to go straight 
down at the end of the bridge or wherever the guards come. I 
know of a case where we had a wreck due to a pointed guard rail. 
I am satisfied we would have had no wreck if there had been no 
pointed guard rail there. The derailment occurred on a curve 
and the truck worked over the ends of the ties until it was past the 
point of the guard rail which threw it the wrong way. If there had 
been a center guard rail, or if only the two guard rails had been 
there and they had not ended at a point, the truck certainly would 
have caught it inside of that guard rail and if it had it would 
have landed on the bridge ties because the ties were long enough 
to carry it. As it was, it was thrown clear over and we had quite 
a wreck. There are times when the ground is frozen and the road 
is icy, that a point may guide the wheels over properly but when 
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the ground is soft I think there is no place where that point will 
ever bring the truck in. It will go right over; at least that has 
been my experience. 

J. S. Huntoon: — I approve what has been said about slots. 
We have had some very disastrous results. I would like to ask 
some of these gentlemen what they do on drawbridges where 
rails creep and run and have to be held secure in some instances — 
where slot spiking has been resorted to and there have been no 
serious results? We have had trouble putting on the regular 
track creepers because they are not effective. 

A. H. King: — I would say that on a drawbridge the creeping 
would hardly be noticeable. Disconnect the two ends and it would 
hardly be worth figuring. As regards the inside guard rail which 
has been spoken of by Mr. Alexander, there is no question but that 
the dipped rail at the end that he recommends is preferable to 
the point. I can see very readily where a derailment might strike 
squarely on a point and cause a wreck, possibly throw a car cross- 
wise of the track. I think that all we can expect of a guard rail 
is to skid the derailed truck over the bridge ; beyond that if we try to 
derail it I believe we will miss our calculation every time. 

As far as the spiking in the slot is concerned, that is some- 
thing that we tried to avoid the first year that I was engaged in 
bridge work. An absolutely free movement of the rail across the 
bridge is what we always tried to get and we tried to avoid any- 
thing that would restrict that. 

R. H. Reid: — In regard to the anchoring of rails on draw- 
bridges, we have used a special rail anchor on the New York 
Central. It is bolted to the rail and bolted to the ties on each 
side of the floor beams. The ties set close up against the floor 
beams and they cannot move either way. This is a positive anchor, 
bolted through the web of the rail and has prevented any move- 
ment of the rail on the draw span. 

If the approaches are on girders or stringers where floor beams 
are not available, we bolt an anchor to the top flange of the girder 
and bolt them the width of the tie apart so that the ties, or as many 
as may be necessary, fit in on top of the girder between those an- 
chors and the ties cannot move. They are positive and they hold 
the ties in place. 

In regard to the spiking of ties in slots on bridges, I did not 
suppose there was any question about that. I supposed that it 
had been generally recognized that it was not advisable to spike 
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the ties in slots on any bridges. If the rail creeps, the spiking in 
the slots will tear and destroy the ties. If the rail does not creep 
it is not necessary. We have had an abundant experience where 
ties have been simply destroyed — the rail will keep on creeping 
and the tie plates will shove the spikes ahead of them and split the 
ties and finally will tear them out. It is the same way if you have 
tie plates on ties ahead of rail splices where you have splices that 
will catch the plates. Those splices will go ahead and foul the tie 
plates and if they keep on going, as they will with the creeping of 
the rail, they will destroy the ties all to pieces. If the rail must 
be anchored on bridges, it should be anchored with special anchors 
next to the ties which are against the floor beams so as to prevent 
the destruction of the ties. 

H. A. Gerst: — I believe most of us are agreed that the rail 
should not be spiked through the slots in the angle bars, but it 
has been done and perhaps this discussion will bring out the fact 
that it should not be done. 

W. M. Camp: — Slot-spiking has long been recognized to be 
a very dangerous practice. Not only does the spike split the ties 
but creeping rails have carried not only ties but bridge girders 
off their seats. 

It has long been a question whether bringing guard rails to a 
point in the center of the track is a measure of safety or one 
of danger. If the derailed truck is running close to the rails 
then the guard rails brought to center may guide it back toward 
the proper position. However, if the truck is derailed more 
than half the gage of the track, it will catch beyond the point 
and it will usually cause a pile-up at the end of the bridge. For 
that reason the practice of using three guard rails in a straight 
line, one at a distance of eight or ten inches from each of the 
running rails and the other in the middle of the track has been 
adopted on some roads so that when a derailed truck comes along 
the idea is that the safest thing to do is to leave it alone. The 
middle guard rail is just simply a precaution. 

I think the place to anchor drawbridges is along the bank. 
If there is a long trestle approaching the bridge, it pays to anchor 
the bridge along the bank. A trestle is a very insecure place to 
anchor rails to. As traffic gets heavier, the tendency of rails is 
to creep and that tendency is greater today than it ever was be- 
fore. More double track exists and traffic is heavier, so the ques- 
tion of creeping rails is more important today than it ever was 
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before and the various devices for anchoring rails are also im- 
portant. Some even go so far as to put down concrete piers with 
very heavy anchors. Others take pains that the approaches to 
bridges shall have extra anchors on the rails for a distance of 
1,000 ft. or more in order that there may be security against creep- 
ing rails at the bridges even if at points on the road where there 
are no bridges the tracks are allowed to creep a little. 

R. C. Henderson: — The Baltimore & Ohio standard practice 
is to use a special tie plate. I find that my trouble is to get any- 
thing for a bottom plate. There ought to be a plate put under 
the angle bar. I have picked up half inch iron (or whatever it 
takes) and slipped it under there and spiked it so it will not work 
out. We have to use a common spike on the angle bar and spike 
the rail on the side. 

With reference to guard rails we do not use any special point 
but bend the rail down between the ties at the approach to the 
bridge, bringing it in to about 6-in. centers. Lately we have been 
bringing these rails in to about 12-in. centers. 

A. McNab: — ^With regard to drawbridges, we have one at 
St. Joseph, Mich., with a 200-ft span that gives me more trouble 
and work than the rest of the line. There is 700 ft. of trestle at 
the north end. We have tried to do everything we possibly can to 
keep that drawbridge in operation but every once in a while we 
have trouble and I do not see how we can prevent it. 

W. M. Camp: — There is something similar to that in the 
tunnel at St. Louis approaching the Eads bridge. They use switch 
points on the Eads bridge letting the rails run and the switch points 
adjusting it. When the switch points creep too far they cut out 
a section of track behind them and pull it back again. That is 
the only way I have ever seen that problem solved — to use switch 
points, let the track run and then take it up once in a while on 
the bridge. 

R. H. Reid: — ^As I understand Mr. McNab, he is asking in 
regard to the expansion of the rails or of the bridge due to the 
sun. We have a draw span of 310 ft., where we have to take 
that factor into account. If the bridge stands long in one position 
one side will expand so that when we close it it won't close up 
well and every time we open that bridge we reverse it. It stands 
in the sun until it is opened for a boat and when we close it we 
reverse it and put the other side in the sun for a while and if it is 
not called for often enough by boats we open the bridge and re- 
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verse it anyway so as to keep the expansion reasonably equal. It 
is a bridge that works either end to. 

In case of a long span which will not reverse, of course that 
procedure may not be practical but even in a case of that kind 
if the traffic is not too heavy the draw span can be opened and 
partially reversed enough to get the effect of the sun on the other 
side for a while and when it is necessary to close it for traffic it 
can be swung around and closed without much trouble. 

A. McNab: — That is exactly the position we are in. We 
have got to keep turning the bridge around in the sun occasion- 
ally or else in the summer time it is hard to operate. 

The President : — No doubt the sun has a considerable effect on 
the bridge in that way. 



SHIPPING COMPANY MATERIAL ECONOMICALLY 
REPORT OF COMMITTEE 

The subject assigned to this committee is that of shipping company 
material economically or securing the greatest possible use of the least 
possible number of cars for this service. The Government has placed 
orders for 100,000 cars but we need at least 150,000 cars for replace- 
ments alone this year. The cars on order will add only 4.3 per cent to 
our car equipment while the wear and tear of ordinary service depletes 
our supply 4 per cent. To help meet this condition every one of us 
must endeavor to contrive the quickest and most economical way to 
handle our material, and release cars with quicker dispatch and with 
the lease possible labor. 

The first thing to be considered is loading properly and to car 
capacity. In this the user niust keep in close touch with his store- 
keeper. On our road, we run what is known as a supply train over 
each division monthly, starting this train from the east end of the 
division and working west. This train has a regular scheduled time 
to run and all parties in need of supplies must have their orders in at 
least six days before the train leaves the main division storehouse,' on 
its trip. Light supplies are loaded in box cars and heavy supplies in 
gondolas in order that they can be unloaded by air unloaders as shown 
in the photograph. This unloader is double-ended and two cars can be 
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unloaded at same time with a small force of men. This supply train 
gathers up surplus materials and scrap along the line at the same time 
and in the same manner as it unloads it. We find this method econo- 
mical and successful. In shipping material in car-load lots it is frequent- 
ly necessary to load supplies for several different points in order to 
secure capacity loading. In such instances the material for points 
farthest away should be loaded first so that the first stop has its material 
on top and so on. This applies to one division. Where there is a 
quantity of light material for various points on different divisions car 
loads of this kind of material can be handled by loading the cars to a 
transfer point where the lading is transferred to cars which can be 
lOS 
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loaded to capacity for that point direct. This will result in conserving 
cars. In handling our supply trains all parties interested in receiving 
materials are advised of the day of their arrival and as nearly as possible 
the time so that they will be on hand to receive and help to unload their 
supplies it thereby avoiding delays. 
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In handling bridge materials which are not too heavy a si-ngle-end 
air unloader is a very valuable and necessary help. Such a device can 
be built on a flaf car with a 10 in. cylinder and an 8 ft. lift, although 
this can be lengthened to 10 ft. with a capacity of at least 3,000 lb. as 
shown in the 'photograph. These unloaders can be built very economi- 
cally and cost about $1,000 in addition to an old flat car properly 
strengthened. Each master carpenter could have one on his division. 
With heavy bridge material such as girders, etc., a heavy locomotive 
crane would necessarily have to be used. 

To insure safety and promptness in handling materials and the quick 
release of cars there must be harmonious cooperation on the part of all 
concerned. Also if the division car service man would send a state 
each month to each party on his division responsible for the promf 
lease of cars, showing the time cars were received for unloading and the 
time released and returned and classified in order as to standing in prom] 
ness in releasing cars an incentive would be created that would result 
much good to car service. In my planning of my work I classify 
under the following heads: (1) emergency. (2) urgent. (3) routine. 
By emergency I include that which demands immediate attention an ' 
supersedes all other work. Urgent work is that by which the greate: 
good to the service can be obtained through the releasing of car 
Routine work is that which follows in its turn accordingly as orders 
are received. 

Let us summarize the leading points considered: (1) Load to car 
capacity. (2) Load properly to enable cars to be released quickly when 
several points have material in the same car. (3) Give prompt notifica- 
tion to parties to whom contents are consigned. (4) Provide mechanical 
air lifts to aid in unloading in order to reduce man power. (5) Create an 
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appreciation of the demand for car service owing to the war. (6) Ar- 
range for the division car service man to keep a record and notify all 
concerned as to their standing in the prompt release of cars. (7) Impress 
all concerned of the urgent need of the most hearty and harmonious co- 
operation. 

Z. T. Brantner, 
E. C. Zinsmeister, 
G. T. Richards, 
A. H. King, 

Committee. 

DISCUSSION 
(Shipping Company Material Economically.) 

L. D. Hadwen: — One point the paper does not touch on is 
that of saving cars. The matter of cooperation with the operat- 
ing department is very important. It is also important that the 
material be loaded so it can be recognized readily at its destina- 
tion and when the load in a car is destined to several points it can 
be gotten at readily in the order of the stations at which the car 
is set out. 

E. T. Howson: — I think I referred in this convention last 
year to a remark made by the vice president of one of the largest 
roads to the effect that when he started this campaign he received 
a much more ready response from the shippers than from the 
company . men. That has been the experience of other roads. 
Company men have been used to having cars shipped whenever 
they wanted them and they have not realized the importance of 
the conservation of cars to the extent that the shippers have been 
educated to. 

In a recent investigation. I found that two systems are being 
practiced by the roads in handling supplies. On one road they 
make up a car each month for each supervisor of bridges or each 
roadmaster, sending him all the supplies he has ordered for that 
month. That car goes out whether it has 10,000 lb. or 100 lb. in 
it. I asked why they didn't consolidate cars where they had small 
loads and I was told that their experience had been that the man 
getting the last shipment did not get all his supplies as the first 
fellow had taken more than his allotment. On the other hand 
the other road had consolidated and was filling cars to capacity. 
I asked the officers if they were having any trouble and they said 
comparatively little, because they checked material thoroughly 
before it left the yard and it was not very difficult to trace the 
three or four men in whose care the car had been when unload- 
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ing certain portions for each man took what was on his requisi- 
tion and that only. It seems to me the contrast between the two 
systems is an important one because it represents a good many 
cars. The situation will be much more acute within the next 60 
days when railroad men are going to have from 30 to 40 per cent 
more traffic to handle this winter than last. With that condition 
confronting us we can see the necessity of the conservation of 
cars. Cars should be released immediately when they have reached 
their destination. There is nothing the men in this association 
can do that will help to win the war more than to keep the cars 
moving with full loads all the time. 

A. H. King: — I think we can assist a great deal in getting 
proper delivery and saving time on carload shipments by getting 
in communication with the stores department and increasing our 
shipments going in certain directions. For instance, a man may 
have material going to several different points. If that could be 
explained to the shipping clerk or the man who forwards it at 
the storehouse it would bring good results. 

R. C. Henderson: — The paper doesn't touch much on small 
shipments. It is very easy to take care of large shipments that 
you order 30 days in advance, but I would like to have an ex- 
pression from men on other railroads regarding the handling of 
the small items. 

The President: — The Baltimore & Ohio started running a 
supply train monthly about three or four years ago and it was 
quite isi while before we got familiar with the method. We finally 
made our requisitions read so that we could refer to the shipping 
points by mile posts and telegraph pole number and have them 
marked clearly. Then the storekeeper loads the supplies so that 
the first part of the load going into the car will be the last to come 
out at the farthest point, either by drawing a line or laying a 
board beween the supplies. We found a great saving in the use 
of cars by that method. As a rule you can find out and order 
the material 30 days ahead. Of course, emergency cases, will 
arise where we have to ship by local freight, but we conserve a 
great many cars by the use of supply trains. Those cars are un- 
loaded and often reloaded with scrap material and returned. The 
rail unloaders assist a great deal in handling heavy material such 
as 12 in. by 10 in. timbers, stringers, etc. 

P. J. O'Neill: — That sounds good, but I am on a territory 
where if one leaves material on the ground over night he won't 
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have any the next morning. We have a monthly supply train, 
not for the purpose of carrying material out on the job, but more 
for the distribution of smaller material. We rescued from the 
scrap heap several old flat cars and box cars that were condemned 
by the car department as unfit for general traffic. They are prac- 
tically used only by the maintenance of way department. When 
I want to send a carload of stuff I simply have it loaded on one of 
those cars, and send it out to the crew. They retain the car 
and move it from place to place until they have used that car- 
load of material when they send the car back with whatever 
scrap they have accumulated on that trip. I find that the pilfer- 
ing of material from cars in Detroit and Toledo is very small 
with this method as compared to what it would be if it were un- 
loaded on the ground. If yoji unload it and leave it on the 
ground it is entirely gone in three days. We have lost only a 
small percentage from the cars. 

G. T. Richards : — Cars should be loaded to the proper per cent 
above the marked capacity of the car. All orders should be in- 
spected daily and requisitions arranged for material going to one 
or more divisions in the same locality. If a maximum car load 
cannot be obtained by loading for points on the division over 
which the car will pass, small items should be loaded for stations 
at nearby points on the division and the material billed "off at 
junction." 

To avoid delays of delivery and proper unloading, the loads 
should be so arranged that material may be readily removed from 
the car upon arrival at each station along the route. As a further 
precaution our (C. M. & St. P.) shipping notice, form 229, in- 
dicates all stations for which the car has material. All material 
in cars of this nature is tagged separately with the names of con- 
signee and station. 

Material should be shipped in as compact form as possible. 
Doors, windows and other items of manufactured material which 
may be assembled on the job readily should be shipped " knocked 
down," and where necessary the several parts should be properly 
marked to aid in assembling. All material for one job should be 
shipped in carload lots as far as possible, as for example, in ship- 
ping a complete, tank, — ^the tub frame, hoops and fixtures should 
all go forward in one shipment. 

We can ship a great deal of material by double-decking the 
loads. One or more scows may be placed one above the other 
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where we formerly loaded but one on a car. We often load 20 in. 
to 30 in. concrete pipe over a layer of the larger sizes. 

In the selection of cars one should see that, when loaded, 
they move in the right direction, in order that when empty they 
can be turned over for loading again with the least empty move- 
ment. Coal cars especially, when loaded with anything but coal, 
should be headed toward the mines. 

E. C. Zinsmeister: — (By letter) — The shipping of company 
material economically, while at the same time reducing the use of 
cars to a minimum, is a broad question and requires considerable 
planning where other than full carload lots are shipped, consist- 
ing of material too bulky to make local freight shipment. My 
recommendation is to have all bridge and building material as- 
sembled at one point at store department headquarters, where it 
can be piled systematically and proper facilities provided for 
handling to and from cars. In cases where less than carload lots 
are required, generally a carload lot can be worked up by shipping 
the material for more than one job on the same car. 

Each division should be equipped with a crane car for the 
handling of heavy materials, bridge girders and the like. In this 
connection, a clam shell bucket is valuable for use in unloading 
sand, gravel, or crushed stone such as is sometimes received in 
flat bottom cars and for excavations where small abutments and 
piers are built where the traffic will permit of such operation. 



ESSENTIAL WORK 
By C. A. Morse, 

Assistant Director, Division of Operation, United 'States ' Railroad 

Administration 

You are meeting at this convention under new and strange condi- 
tions. You have heretofore been in the employ of various railroads. 
The majority of you here today are the employees of one great rail- 
way system, the largest in the world, larger than was ever conceived by 
Harriman in his fondest dreams of consolidation. You represent prac- 
tices that have grown up in your respective sections of the country, 
many of which you have not been able, even with the best efforts of 
your association, to unify. 

Possibly local conditions make it necessary that there should 
be some variation in the methods employed in different parts of the 
country, but in the majority of cases, there is no reason why you 
should not follow a standard practice. Some of you are still line- 
spiking ties on pile and timber trestles, and are not convinced that 
this is not the best practice. Some of you are still dapping guard' 
rails, and insist it is the only proper method. Possibly some of you 
are still using a mortise and tenon on frame trestles. We all know 
that there is more variety in the practice of bridging than is necessary, 
and more than any one road would permit on its different divisions. 

All of you who are connected with roads taken over by the United 
States Railroad Administration are now in the employ of one manage- 
ment for the time being at least, and it should be your endeavor to 
standardize the methods of bridge work on this consolidated railway. 
Your association is best equipped to do this, and you should, if you 
have not already done so, say what is the best practice in regard to 
these things where there is such a difference in the present practice. I 
would suggest that, in your program for the coming year's work, you 
go into this matter and be prepared to make recommendations. 

In the meantime, we have a condition before us that we have to 
meet, — a scarcity of labor and of material with a big business on our 
railroads, our problem is to determine how are we going to take care of 
this business safely under these conditions. 

We all know that it is possible to extend the life of pile and tim- 
ber trestle bridges indefinitely by replacing each year, the separate items 
that go to make up the structure. Also in ordinary times it has been 
considered wise to renew a structure completely when it has reached a 
certain stage, using the salvage for repairs that would otherwise re- 
quire the purchase of new material. Now with both labor and material 
obtainable only in limited quantities, and knowing that we can carry 
a structure over with perfect safety by only making partial renewals 
it is up to us to do so. Again we are using, or have used in the past 
ten years, large quantities of treated material, especially creosoted ma- 
terial. Today it is impossible to get creosote in sufficient quantities to 
fill our requirements, and to renew bridges completely with untreated 
material means a comparatively short-lived structure. In repairing 
structures to extend their life from one to five years, we should use un- 
treated material as it is much easier to secure it than treated timber. 

A few years ago railroads could borrow money for additions and 
betterments for four per cent and und^r those conditions it was not 
economical to spend ovet four per cent of the cost of renewal in 
repairs that would extend the life of the structure one year. As la- 
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bor ^nd material were costing much less then than now this did not 
permit very extensive repairs to be made. 

Today, however, money for Additions and Betterments expendi- 
tures is costing from 7 to 10 per cent, and labor and material, when 
they can be had at all, are from 50 to 200 per cent higher than they 
were a few years ago. These conditions are due to the war which 
we all hope and believe cannot last over one or two years longer at 
the most, when they will be changed. Therefore, we are warranted 
in making large expenditures for repairs at this time, especially for 
those that will extend the life of the structure until after the war, when 
renewals can be made for probably 25 per cent and possibly 50 per 
cent less than they can be made for at this time. 

It behooves us, therefore, to make a careful inspection and study pf 
each structure, and if we can repair it so as to make it good for say, 
four years for 40 or 50 per cent of what it would cost to renew it in 
full, we should make the repairs. If we can make repairs that will 
extend the life of a structure 1 year for say, 7 per cent, 2 years for 
8 per cent per year, and 3 years for 9 per cent per year on the cost of 
renewal, such repairs should be made. It will be seen that if this policy 
is carefully carried out, we will be able to get through the year 1919, 
with few, if any full renewals of pile and trestle bridges, and that 
in doing so, a very great saving will be made in both labor and ma- 
terial, and especially in the latter. 

The same careful inspection and study should be made of our 
steel structures. In the first place, they should be kept well painted 
as nothing gives added life to a steel bridge for so little money as to 
keep it well protected with paint. Many structures that are a little 
light can be taken care of by strengthening if in important main lines, 
and by reducing the speed of trains if on less important lines. 

We are all ambitious to improve the class of structures on the 
territories under our jurisdiction, and rightfully so, in ordinary times. 
We all have our schemes for strengthening structures to permit heavier 
wheel loads from which economical operation can be secured, all of 
which is perfectly proper and laudable, but in times like the present, we 
must put such work on the shelf, and bend our eflForts toward holding 
to what we have, leaving such things to be done when we are not 
fully occupied in the one great task of winning the war. We can af- 
ford to stop the wheels of progress temporarily, as, if we do not win 
the war, there will be nothing to make progress for. Let us hold up 
our ambitions for the time being, and bend every effort to conserve men 
and material to the end that we may put the Hun where he will 
work for us, rather than we for him. 

We all have waterways that are not large enough for the areas 
drained. Many of these have been in this condition for years. We 
naturally are trying to remedy this a little at a time, and rebuild some 
each year. We should not do any of that class of work during these 
times, unless where washouts have occurred recently, and then only 
if we find that there have been previous washouts at these same places 
within the last two or three years. We can afford to take a chance 
where this is the only washout there has been at a point for six to 
ten years, and hold up the work until labor and material conditions 
have improved. 

On building work, the question of replacing old depots is usually 
up to the management and as there is little chance of state or local 
authorities making demands for better depots at this time, repairs to 
present structures are about all that you have on that class of structures. 
While you cannot do much new building work, you should endeavor 
to keep the present structures painted, both for looks and to extend 
their life. This applies not only to structures, but to roadway signs. 
In keeping the latter well painted you add to the safety of operation. 
Signs are erected for a purpose. In order to serve that purpose they 
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must be seen, and a well painted sign is more readily seen and at- 
tracts the attention quicker than an unpainted, weather-stained sign, 
that looks as though it was obsolete, and was there only because some 
one had negleced to take it down. The actual cost of painting road- 
way signs is small, while there is nothing on a railroad that makes it 
look more alive and up-to-date than well painted roadway signs. 

Mechanical department buildings are constantly requiring replace- 
ment due to the increased size of power; and there is little opportunity 
for the bridge and building department to do anything in the way of 
controlling expenditures along that line. There is, however, one thing 
in connection with buildings where they do have it in their power to 
make a great saving. That is in connection with the heating. It is sur- 
prising to see how little attention is paid to keeping depots and mechan- 
ical buildings like shops and roundhouses tight so as to keep out the 
cold, and keep in the heat. 

Good work can also be done in keeping steam, water and air pipes 
and valves tight and prevent leakage, which means fuel for pumping 
water and air, and the making of steam. There is no comparatively 
small maintenance matter where so much can be saved as in this one 
thing. With the coal situation as bad as it is in this country today, a 
special eflFort should be made to do everything that will tend to con- 
serve fuel. Steam pipes should be lagged, windows and doors should 
have weather strips, floors should be kept tight, and the bottoms of 
buildings whefe cold can get under the floors should be boarded or 
banked up, broken window panes should be replaced promptly and 
every eflFort should be made to save fuel. In many cases in the north- 
ern climates, double windows and storm doors should be provided. 

In many sections of the country, and probably on nearly every 
line of railroad, there still remain some wooden platforms at depots. 
As these require renewal, they should be replaced with, earth embank- 
ments where there is any appreciable amount of filling necessary; these 
earth embankments should be covered with stone screenings, gravel, 
cinders or something of that class, (where little or no filling is required, 
the earth can be omitted,) and do away with the use of wood in these 
platforms. This applies to platforms at small stations, where it is not 
planned to put in brick or concrete. 

I always associate a master carpenter with the old time freighted, 
who had on the back of his wagon a " Jockey Box." In this jockey box 
could be found anything from baling wire to a wagon-hammer, 
if anything happened on the road he could always find something in his 
jockey box with which to repair it. A master carpenter's headquarters 
shop together with outlying buildings is usually a great big "jockey box" 
from which he can dig up something with which to do any ordinary 
job, without waiting for the material ordered on his requisition to show 
up. 

I remember dropping into an old time master carpenter's office one 
day, where I found him buried in copies of requisitions and completion 
reports. I asked him what he was doing. "Well," he says, "I built sev- 
eral new pile bridges and repaired several more for which I had sent in 
requisitions for material; the material has just shown up, although 
the jobs have been done for two months. I am trying to straighten 
out the charges on those structures, to make them fit the material that 
I have just received on the requisitions." I have no doubt you have 
most of you had similar experiences, and that you have material hidden 
out that was long ago charged out to some job. 

If you have not already found it necessary to do so, I would sug- 
gest that, regardless of the nature of the "jockey box," in these times 
of conservation, you should clean out the box, and get all of this n\a- 
terial into use. This is no time to have material lying around idle with 
the idea that it will come in handy sometime; now is the time when 
it should be used. 
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Some of the things that accumulate on a bridge and building fore- 
man's hands are packing, O. G. washers and chord and sway brace 
bolts. This occurs especially where wooden bridges are constantly be- 
ing replaced with concrete structures or pipe. I have noticed that it is 
hard to separate a foreman from this class of material, but all surplus 
material of this kind and all metal scrap should be shipped in to the 
stOf:ekeeper now, vhile matcriaf and «crap are both so vsUnable. 

I want to say a word to your bridge engineer members regarding 
their second hand material yards or their jockey boxes. They should 
be inspected carefully; material that can be used for strengthening 
bridges should be kept; girders and I-beams- that can be doubled up 
should be listed and used as soon as possible and the balance should be 
scrapped. 

It has been customary to save a lot of light girders and pony trusses 
for possible future public road crossing use. I believe we are warranted 
at present prices in scrapping all such as we will probably be able to buy 
new spans, designed purposely for road crossings, by the time we would 
use these, and get them for less or at least no more than we can get for 
these as scrap at this time. 

My thought is that with the present high prices for all material 
and scrap, a special effort should be made to clean house, using what 
is usable and selling the balance to get rid of it, and then start with 
a clean slate when normal times come again. 

One of the bridge and building foreman's fads is "Jacks'* and if 
left alone each foreman would have a jack of every size he might pos- 
sibly have use for if only once in five yeats. Every time he has use 
for a certain size or style of jack, he makes a requisition for it and if 
times are good and there is much work going on, nine times out of ten 
he gets the jack regardless of the fact that some othfer foreman on the 
division has a .jack like it lying idle. Some of you will take exception to 
this statement, but when you get back on the job, have a report sent 
in by every foreman of the jacks he has, and you will be surprised at 
the results. Then if you will make up a list of the jacks a foreman 
should have on regular work and plan on keeping at division head- 
quarters a few pairs of the odd sizes that are only required by a gang 
foreman once in three or four years, you will find that you will not 
have to pass a requisition for a jack for the next two or three years 
at least. 

There is always an accumulation of odd sizes of timber which is 
not standard. Now is the time when bridge engineers, architects and 
master carpenters should get a list of this material from the store de- 
partment and, regardless of standard, plan buildings and odd structures 
so as to use it. We will accomplish two things by this, — get rid of a 
lot of dead stock and cash it in at a very high price. 

There is usually an accumulation of window frames and sash, door 
frames and doors, window weights, etc., that should also be used. Glass 
is high like everything else; by getting after this matter, we can use it 
at this time, and by so doing, clean up all of these odds and ends. 
The same process should be applied to anything that the store depart- 
ment has on hand that is not being called for because it is not standard 
practice for the time being, on that particular road. Material is too 
scarce, and costs too much in these times for one to be finicky about 
standards. 

The master carpenter is one of the main stays of the division su- 
perintendent and of the bridge engineer and while, like all the rest 
of us, he has his pet hobbies, he is a valuable and important part of the 
divisional organization. He is usually a man of sound judgment, has 
good executive ability and is thoroughly dependable. One of the grand- 
est sights I recall has been to see a master carpenter come out and take 
charge of the rebuilding of some big structure that has washed or 
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burned out. Talk about yjour generals in a big battle, he is surely one 
of them. "Long live the master carpenter." 

Your bridge engineer members are of great value to your organ- 
ization, being able to get a broader view of the bridge problem owing 
to the larger territory that they cover, and to the technical training 
that they bring into their work. As the master carpenter is one of the 
strong men in the superintendent's organization, so is the bridge en- 
gineer in the organization of the chief engineer. 

Responsibility makes strength in all classes of men, and the re- 
sponsibility that the master carpenter has for the bridges on his divi- 
sions, and the still greater responsibility that the bridge engineer has for 
all of the bridges on his railroad; have necessarily made each of them 
a strong and reliable member of the maintenance organization. This is 
reflected in your association and gives its findings and recommenda- 
tions strength with all who know the class of men that compose it. 

I hope that we shall have the benefit of the best judgment of such 
men and others that compose your organization in helping to solve the 
question of how we are to keep up the efficiency and safety of our 
railroads during the period of war, while men and materials are so 
hard to get and when the part that -the transportation system plays 
in this war is so important. No one can do it better. You are all es- 
sentially, emergency men. The emergency is here now, the greatest 
in the history of the world. Pull off your coats and get into the game. 
Show the country what you can do. It's in you to beat the Hun, so 
go "over the top" and helpt get him. 



THE STEEL SITUATION 

By T. C. Powell, 
Members Priorities Committee, War Industries Board 

The Nation's present business — your present business — is War. 
When this fact shall have taken firm root in the hearts and minds of the 
men, women, and children of this country our industrial problems will 
be found comparatively easy of solution, and the task of readjusting 
and mobilizing the industries of the Nation to meet the requirements 
of the military program more than half discharged. 

For the winning of the war steel is now the world's most precious 
metal. It is consumed, or used to some extent, every day by practically 
every civilized man in every civilized country, and nowhere in such vast 
quantities per capita as in the United States. The present and con- 
stantly increasing steel requirements of this country and its allies for di- 
rect and indirect war needs, 100 per cent of which must under any and 
all circumstances be promptly supplied, are so enormous as to well- 
nigh absorb our constantly expanding producing capacity. The result 
is obvious. There will be comparatively little iron and steel left to dis- 
tribute to those industries engaged in non-war work and to consumers 
for application to non-war uses. Every possible use of iron and steel 
or their products which can be deferred must be deferred until after the 
war. This duty is personal and can not be avoided or delegated to your 
friends and neighbors. No consumption is so small as to be immaterial, 
and no saving insignificant. Every pound collected and sold to scrap- 
iron dealers finds its way back into the general supply of iron and steel. 
"The last quarter hour will win the war," and in that quarter hour the 
last, shell will be fired. That shell may be made from steel that has 
been saved through the collection of scrap or through denial of the 
luxury of purchasing steel in the form of articles which have come to 
be regarded as peace-time necessities. 

Among other tasks which the President has laid upon the War In- 
dustries Board is that of so distributing the supply of iron and steel 
available, or which can be made available, as to meet the war require- 
ments and as far as possible the essential needs of the civilian popula- 
tion. This task is being discharged in part through the administration 
of priorities. 

The term "priority" implies discrimination — purposeful discrimina- 
tion. All priorities are relative and the classifications are based upon 
the relative importance of the particular industry or the particular plant 
involved to the war program or to supplying the essential needs (as 
distinguished from wants) of the civilian population. 

Structures, roads, or other construction projects falling within the 
following classifications are hereby approved, and no permits or licenses 
v/ill be required therefor: 

(1) After having first been cleared and approved by the War In- 
dustries Board, those undertaken directly by or under contract with the 
War Department or the Navy Department of the United States or the 
United States Shipping Board Emergency Fleet Corporation, the Bureau 
of Industrial Housing and Transportation of the United States Depart- 
ment of Labor, or the United States Housing Corporation. 

(2) Repairs of or extensions to existing buildings involving in the 
aggregate a cost not exceeding $2,500. 

(3) Roadways, buildings, and other structures undertaken by or 
under contract with the United States Railroad Administration or a 
railroad operated by such administration. 
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(4) Those directly connected with mines producing coal, metals, 
and ferro-alloy minerals; and 

(5) Public highway improvements and street pavements when ex- 
pressly approved in writing by the United States Highways Council. 

No building project not falling within one of the foregoing classes 
shall be undertaken without a permit in writing isstfed by or under the 
authority of the Chief of the Non-war Construction Section of the Pri- 
orities Division of the War Industries Board. 

The Priorities Committee has two divisions, one supervising con- 
struction which is immediately connected with the prosecution of the 
war, .and the other, the construction which is non-war. The division in 
charge of Non-war Construction not only supervises the amount of steel 
necessary for such construction, but also carries out the plan unde,r 
which no construction costing above a certain sum can be started with- 
out a permit. This division has also undertaken to secure a report from 
the entire country listing all the building now in progress, including 
private residences as well as manufacturing plants. 

The division of the War Industries Board which handles new fa- 
cilities directly connected with the war, is in continuous session through 
the Chief of the Division and his immediate assistants, but in addition 
to this the Facilities Division holds a meeting every other day and suf- 
ficient time is taken to discuss fully the projects submitted by the Army, 
Navy, Emergency Fleet Corporation, and by the several other divisions 
of the War Industries Board, as, for instance, the Chemical Division, 
which works with both the Army and the Navy. 

It is recognized that in certain types of construction steel is an es- 
sential material, but the Facilities Division does not accept the mere 
statement that the style of construction decided upon necessarily re- 
quires steel, but goes further into these projects to develop whether or 
not the type of construction cannot be changed without incurring addi- 
tional expenses and by substituting other available materials, the use 
of which will conserve steel. The same program is carried out in con- 
nection with railroad construction, and in many cases the plans of the 
railroads or of the contractors working for the railroads, have been 
modified, substituting concrete for steel, and in some cases, substitut- 
ing wood for steel. 

In the case of bridge construction, the railroad submitting plans 
for a new bridge or the replacement of an old one is asked to limit the 
use of steel to the minimum. In the case of shop buildings, the steel 
is limited to those parts of the building for which it is proved that no 
other type of construction is possible. Water tanks and fuel oil tanks 
are being constructed of concrete. Through the War Industries Board 
also conferences are held with the different industries to see to what 
extent labor, steel and other essential commodities can be released so 
that there may be a greater supply for the direct prosecution of the war. 

The conservation of material and men is an absolute necessity to 
the ultimate victory of the Allies. Not only must men and materials be 
conserved, but the use of the railroad facilities must be limited to neces- 
sary transportation and all unnecessary use of them must be cut off. 
The Railroad Administration is operating the railroads as a unit for war 
purposes. The development of traffic, the extension of markiets and all 
those activities which are not only commendable but necessary in times 
of peace, must be considered today from the standpoint of the war. 
The less waste there is in transportation, the more engines, cars and 
track facilities will be available for handling troops, munitions, food and 
the necessary materials. 

It is believed that with the co-operation of the people of the coun- 
try there will be provided a reserve supply of men, materials and rail- 
way facilities, and I think we are all firm in the opinion that the exist- 
ence of this reserve power will be the deciding factor in bringing the war 
to a complete and satisfactory conclusion. 



CARRYING BRIDGES OVER 

By C. F. Loweth 

Qiittf -Engineer^ Chicago, 'Milwatikce & St. "Paul Railroad 

Your convention committee is responsible for the subject of this 
paper. It is to be commended because conservation and " carrying over" 
are properly watchwords of the day. It is hoped that the paper may be 
helpful in conserving and carrying over for further usefulness some 
bridges which, under normal conditions, might not be thought worthy 
of further service. This paper will deal principally with railroad bridges, 
but the underlying principles will apply to other kinds of bridges, and, to 
some extent, to many other structures. 

General Considerations . 

• 

In the maintenance of bridges there are two general considerations 
to be observed: 

1. Safety in carrying the necessary traffic. 

2. Economy — that is, obtaining the maximum life from the structure 
at reasonable maintenance cost. 

The necessity for renewing bridges usually arises from one of the 
following causes: 

1. Physical deterioration. 

2. Overloading. 

3. Rearrangement or relocation. 

Physical deterioration usually limits the life of timber bridges and 
occasionally limits the life of steel bridges in certain situations, such as 
viaducts over railroad tracks where corrosion and general deterioration 
is much more rapid than usual for such metal bridges. 

The necessity for the rearrangement or relocation of bridges usually 
arises from conditions outside of the structure itself and need not be 
further considered in this discussion. 

On all railroads which are 25 or more years old, there are usually a 
number of light-capacity bridges which impose more or less restrictions 
on the train loadings that can be handled over those lines. This is a very 
serious problem on lines which have many bridges which were built dur- 
ing the 80's and early 90's. 

New bridges are usually designed for the heaviest engine and car 
loadings in existence at the time. In proportioning them there is, how- 
ever, a certain margin between the unit stresses which are used and the 
maximum stress which the material can safely carry. This margin pro- 
vides an allowance for some future increased engine and train loadings, in 
addition to the contingencies which are usually embraced by the term 
" factor of safety." 

As an illustration of the increase which has taken place in engine 
loadings, see Fig. 1, which shows in a graphic way the increase which 
has taken place on the C. M. & St. P. from 1875 to date. One line of the 
diagram shows the maximum weights on locomotive driver axles at all 
times during this period." The other line is a more direct measure of the 
effect of these loadings on bridges and shows the maximum bending 
moments on 16 ft. spans for the heaviest engines in regular service 
throughout the period. While this diagram shows the effect only on 
16 ft. spans, such as occur in timber trestle bridges, the diagrams for other 
span lengths would be similar. 

These diagrams show that during the period from 1875 to date, axle 
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loads on this railroad have increased from 22,000 lb. to 64,000 lb., or about 
190 percent. In the same period the load on trestle bridges has increased 
from about Cooper's E 13 loading to Cooper's E 55 loading, or about 
320 percent. From this it is evident that when the bridges of the period 
of 1875, and following, were designed, there was no conception of the 
loads which bridges are now called upon to carry. It is further apparent 
that these bridges cannot be subjected to present heavy loadings unless 
their carrying capacity is very carefully investigated in the light of all 
conditions surrounding the structure. 



Classification of Bridges 

The term " Classification of Bridges " is used to describe the system- 
atic investigation of light-capacity bridges, with the view to determining 
the maximum loads which can safely be carried. Formerly, the common 
practice was, when a new engine loading was up for consideration, to in- 
vestigate all of the light bridges on the lines where the use of the heavy 
loading was contemplated. Stresses throughout the structure for this 
loading were figured and decision then made by the one responsible for 
the structures as to whether or not the load could be handled safely. 
Each time a new loading came up for consideration the process was re- 
peated and little or no use made- of the previous computations. 

The present practice on the C. M. & St. P. is to make an investigation 
or " classification " of each structure. Its carrying capacity is determined 
in terms of a standard series of train loadings. New engine and car load- 
ings that come up for consideration are classified in the same series of 
standard loadings, and it is then a matter of direct comparison to tell 
whether such proposed loadings can be handled safely over the various 
bridges. Every bridge whose date of construction indicates that it is of 
light design, or which is known to be, or suspected of being, overloaded, 
is thus classified. Every part of the structure is figured or taken into 
consideration. 
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Unit Stresses 

In making these classifications it is necessary first of all to establish 
the miaximum unit stresses which the various materials can safely be 
subjected to. For the different materials these maximum safe stresses 
are taken as near the limit of strength of the material as is considered 
safe. The maximum safe stresses must be taken low enough so there is 
no danger of the material yielding, altering its character or reducing its 
strength to carry loads after being subjected to this limiting stress for 
any number of times. 

As an illustration of what may be considered as safe limiting unit 
stresses, the following may be taken to apply where the design and 
physical condition of the structure are known to be first class: 

Wrought Iron Steel 
Lb. per Sq. In. 



Beams and girders, fibre stress in bending, 22,000 26,000 

Truss members, tension on net section, 20,000 24,000 

Timber stringers, fibre stress in bending 2,000 

(With suitable reduction for age for exposed timber over 6 or 8 
years old.) 

In fixing upon limiting unit stresses for loading old bridges, it is 
necessary to take into account the following: 

Character of design: that the details are well proportioned and direct 
in action, that there is no ambiguity or uncertainty as to how the mem- 
bers act. 

The character of the workmanship entering into the structure as 
indicated by the reputation of the makers and material test data that may 
be available. 

Deterioration. 

Action under load, such as rigidity and freedom from excessive vibra- 
tion. 

The speeds likely to obtain over the structure and confidence as to 
the observance of any speed restrictions that might be imposed. 

The element of certainty as to the assumed loading being the maxi- 
mum to which the bridge will be subjected. 

Importance of traffic and hardship which might result from tempor- 
ary disablement of the structure. 

The probability of early renewal on account of change of line, etc. A 
higher limit might be allowed for a short time to meet an emergency than 
for a structure to be kept in service indefinitely. 

The general reliability of the data upon which the investigation of 
the structure is based. 

Generally, judgment based upon all of the factors surrounding the 
bridge, its location, service and condition. 

It must be recognized that there is danger in setting down a hard and 
fast rule for the limits to which structures might be stressed. In all 
cases it is necessary to exercise care and knowledge and good judgment 
in order to be at all times on the safe side and at the same time conserve 
the maximum life of the structure. 

Standard Loadings 

In the systematic investigation of a large number of bridges, it is 
necessary to have a unit loading as a basis of comparison. The familiar 
Cooper's series of standard train loadings furnishes a convenient and 
well-known basis. This series consist of two Consolidation type engines, 
having a fixed spacing of wheels and a fixed relation between the weights 
on the various wheels. The weights on the various wheels are directly 
proportionable to the classes: that is, the drivers for Class E 40 loading, 
are 40,000 lb. on each axle: For Class E 50 loading, 50,000 lb., etc. 
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On account of the fixed wheel rearrangement for all classes and 
the proportionality of wheel loads, it follows that the stresses in all parts 
of bridges on account of these loadings are directly proportionable to 
the classes: that is, the stresses in every part of the structure for Class 
E 50 loading will be just 50 times the stresses for Class E 1 loading. 

In addition to the direct weight of the engine and carloads, which are 
hereafter referred to as " live loads " there are certain effects of the mov- 
ing load which have to be taken into account. One of these is what is 
known as " Impact," which is the extra effect of a moving load on the 
structure over and above the effect of the same load at rest. The result 
of the moving load is to put the structure into vibration, which results 
in increasing the stresses at certain points in the vibration. The effect of 
impact is commonly expressed as a percentage added to the " live load." 

300 

The formula for impact in common use is, 1= , 

300+L 
where L is the length of the train load on the portion of the structure 
which affects the part of the structure being investigated. This gives a 
percentage decreasing from 100 percent for extremely short spans, 75 
percent for 100-ft. spans, 50 percent for 300-ft. spans, etc. That is, for a 
100-ft. span the effect of the moving " live load " is considered 75 percent 
greater than the effect of the same load at first. 

The impact tests which have been conducted by the American Rail- 
way Engineering Association have resulted in a new impact formula, 
which has been adopted by that Association, and which gives a smaller 
percentage for impact for spans over 100 ft,, with slightly greater values 
for spans less than 100 ft. These impact formulas represent the effect of 
steam locomotives. It is found that at least some electric locomotives 
give very much less impact than steam locomotives — roughly about one- 
third. 

Other effects of the moving " live load " are *' centrifugal forces " 
which tend to throw a larger proportion of the load on the outside of the 
curve and " traction " which is a force exerted along the track, due to the 
traction of the locomotive or to setting the brakes on a moving train. 

In determining the maximum " live load " which can be handled over 
any structure, it is necessary to make proper allowance for these extra 
effects of the " live load." It is also necessary to take account of the 
" dead load " stresses, or stresses due to the weight of the structure itself 
and wind stresses, due to the effect of wind pressure. 

General Method 

The general method of investigating any part of a bridge and of 
making a classification is as follows: 

1. The maximum allowable stress is determined which, in the simpler 
cases, is the cross sectional area of the member times the limiting unit 
stress allowed. 

2. Deduct from this the stress in the part due to " dead load " and 
'* wind load." The remainder gives the allowable stress for the " live 
load " effect. 

3. Divide this by the stress for unit "live load" (Class E-1) which 
gives the classification for allowed " live load," if at rest. 

4. Divide this classification by the term which takes into account 
the extra effects of the " live load," due to impact and centrifugal force, 
the result being the classification of the allowed " live load " at full speed. 

As an illustration of this general method, the example of the hip 
vertical member shown as Ul-Ll of a truss. Assume that this consists 
of two steel bars, 4 in. wide by 1 in. thick, giving 8 sq. in. of cross sec- 
tion. If we assume that in this case the circumstances warrant the limit- 
ing unit stress of 24,000 lb. per sq. in. the total allowed stress is 192,000 
lb. Assume that the dead load stress is 17,000 lb. and that the windload 
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is so small that it may be neglected. The total allowed stress available 
for live load is then 192,000 lb.— 17,000 lb.= 175,000 lb. The stress in the 
number for the Class "E-1" loading as determined by the usual methods of 
computing stresses in bridges, is 1890 lb. The total allowed live load, if 

175,000 

at rest is, therefore, =E 92.1. Impact if taken by the ordi- 

1890 

nary formula given above is 



300 



— = 0.865 of the live load. Consider- 
300+50 

ing the bridge on straight track, the centrifugal force stress is zero. 
Therefore, if LL represents the net live load at full speed — 
LL+.865 LL = E92.1 

E92.1 . 

LL = = E 55.2, 

1.865 
which represents the " classification " of the member at the assumed unit 
stress. That is: An engine with wheels spaced as in the Cooper Loading, 
having 55,200 lb. on the driving axles, and the other axle loads in pro- 
portion, will produce the assumed stress of 24,000 lb. per sq. in. if taken 
in connection with the other forces which are assumed to be acting. 

Classification of Loadings 

The class " E " loading above described, is an assumed, typical load- 
ing. Actual engines and cars vary a great deal as to spacing of the 
wheels and the distribution of the weight on the various wheels. The 
effects of various loadings on bridges are not in direct proportion to 
the weights of the engines or cars, but depend on the number and spac- 
ing of wheels, distribution of weight, etc. Actual engine loadings can, 
however, be reduced to equivalents in the standard train loadings, cor- 
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responding to the different span lengths. This is done by computing 
the maximum bending moments and end shears for the given train load- 
ing for each different span length. These are divided by the maximum 
bending moments and end shears for the unit Class " E-1 " loading, for 
the corresponding span; the result being the "Classification" of the 
loading. 

As an illustration of Classi locations of various loadings Fig. 2 is 
given. This shows the classification of several types of the new standard 
locomotives which have been purchased by the Government and are now 
being assigned to the various railroads. This diagram shows the classi- 
fication of the " Mikado," " Santa Fe " and Mallet types for freight serv- 
ice, and the " Pacific " and " Mountain " types for passenger service. 

The diagram shows for each of the locomotives the relation between 
the effect of the given engines on bridges as compared with the Standard 
Cooper's loadings which are used as a basis for the classification of 
bridges. The divergence of the several curves from the horizontal shows 
the differences of the effects of these loadings on the different spans, as 
compared with the effect of the deeper loading, which is represented by 
a horizontal line for each class. 

Fig. 2 A 

Description of U. S. Government Standard Locomotives 



For example, bridges having a classification of E 55 throughout could 
safely carry the loadings which fall below the line marked " E 55 " in the 
diagram for the span lengths for which the diagram lies below the E 55 
line, but for span lengths for which the diagram is above the E 55 line, 
bridges would be Stressed higher than their classification would permit. 

Take for example the Santa Fe locomotive— 2-10-2 (55) type, having 
55.000 lb. on each axle: It will be noted that for spans under 24 ft, the 
classification of this locomotive is lower than E 55 loading, for spans 
between 24 ft. and 66 ft., above E 55 loading and for spans above 66 ft., 
the classification is again below E 55 loading. 

From the diagram in Fig. 2 it will be seen that locomotives 2-10-2, 
having 60,000 lb. on the drivers, 2-10-2, with 55 000 lb. on the drivers, and 
the "Mallet" types, 2-8-8-2 and 2-6-6-2 have "a classification for 50-ft. 
spans greater than the limiting classifications of this member of the 
bridge and could not be permitted to run without speed restrictions. 

The other locomotives have a classification less than the classification 
of the member considered and may be permitted to run over the bridge 
without speed restrictions, providing no other member of the bridge lim- 
its the loading. There is no loading shown in Fig, 5 for carloading which 
would be limited by this member. 
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The classification fdr Pacific and Mikado type locomotives is shown 
both for single and double-headed engines. It will be noted that for 
single engines the classification for spans over 50 ft. drops off consider- 
ably, while for double-headed engines it is about the same for long spans 
as for short spans. 

Speed Restrictions 

In the foregoing the classification has been determined with an al- 
lowance for the effect of the maximum speed over bridges. Where speed 
is reduced the effects of the live load are much less, and the allowance for 
impact and centrifugal force, if any, may be correspondingly reduced. 
This will, of course, permit heavier loadings to be operated at reduced 
speed than at full speed. 

From the tests conducted by the American Railway Engineering As- 
sociation, it is found that the maximum impact which will be obtained at 
reduced speed is: 

Less than 30 percent for a speed of 10 miles per hr. 

Less than 40 percent for a speed of 15 fniles per hr. 

Less than 50 percent for a speed of 20 miles per hr. 

Less than 55 percent for a speed of 25 miles per hr. 

Where the classification of the bridge indicates that some loadings 
which it might be desired to run cannot be handled at full speed, the 
classification for certain reduced speeds should be worked out. 

Consider the example of the hip vertical above, for which the live 
load classification, loading at rest, amounted to E 92.1. For a speed of 
10 miles per hour, taking impact at 30 percent, the liveload classification 
E 92.1 

is = E 70.8. 

1+.30 

For 15 miles per hr. taking impact at 40 percent the liveload classi- 
E 92.1 

fication is = E 65.9. At full speed the impact allowance is 

1-f .40 

E 92.1 

86.5 percent, and the liveload classification = . 

1+ .865 
Therefore, 

For loads which classify below E 55.2 no restriction to speed. 
For loads which classify between E 55.2 and E 65.9 restrict to 15 miles 
per hr. 

For loads which classify between E 65.9 and E 70.8 restrict to 10 miles 
per hr. 

An inspection of Fig. 2, indicates that the effective span of the bridges 
and the characteristics of the engine loadings determine in a very large 
way whether or not the given loading can be run over the bridge, and 
that it is unsajFe to attempt to determine whether or not the engine load- 
ing can be handled over a bridge simply by knowing its total weight. 

There is, unfortunately, a misunderstanding among some railroad 
operating officials, as to the effect on bridge structures of such complex 
loadings as locomotives and cars. In these cases /it is assumed that the 
effect is the same for all locomotives of the same total weight, and that 
the bridges which are classified as being safe, or otherwise, for all loco- 
motives of given total weights. If this practice must be resorted to the 
limits set must be on a very conservative basis, otherwise there would 
be danger of certain types of locomotives having a serious effect on some 
bridges producing unsafe conditions. The practice would not be econom- 
ical because it would either lead to the premature renewal of some bridges 
or to an unnecessary ruling off of certain types of engines. 
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Schedule of Loadings Permitted 

After completing the classification of the light bridges on various 
lines, a tabulation is made giving the classification of the limiting details 
of each bridge which limits loadings. Classification is also made of all 
engines in service, single and double-headed, with appropriate train load- 
ings following: also of wrecking derricks and other heavy loads. A list 
is then made of the loadings which may be permitted to run over the 
bridges on the several lines, with speed restrictions if any. This is is- 
sued in convenient form for use of operating officers. 

Where there are a number of bridges on one line which would re- 
quire restrictions as to speed for certain classes of loadings, it is generally 
desirable to rule off such loadings, as it is difficult to secure the observ- 
ance of a large number of speed restrictions. Double-heading of engines 
should be assumed, and where it is not permitted should be especially 
noted. The schedule of loadings permitted should also indicate the heavi- 
est car loadings permitted over the various lines. 

Where Low Classification Usually Occurs In Bridges 

In older bridges there are certain parts where low classifications can 
usually be expected. 

These have been found to occur most often in the lightest members 
of the structure and members which carry the smallest deadload stresses. 
This can be accounted for by reason of the low working stresses used for 
classifying bridges. In proportioning a member, a portion of the area of 
the member can be taken as carrying deadload stress and the remainder 
liveload stress. As the deadload stress is constant, a smaller area would 
be required where a higher unit stress is used. This, therefore, leaves a 
portion of the area originally provided for deadload available to carry 
liveload stress. 

It is found that the floor systems of bridges generally have a lower 
classification than the girders or chords of trusses. The low classifica- 
tion of stringers is generally in the section of the flanges near the center, 
the riveting in flanges near the end of stringers particularly if they are 
shallow, and in the riveting connecting the stringers to the floor beams. 
Floor beams, if of shallow depth, frequently show a low classification in 
flanges near the stringer connections, also in the riveting in flanges near 
the ends of the floor beams and in splices connecting the webs of the 
floor beams to the gusset plates, particularly in types where the lower part 
of the floor beam is cut out to fit around the ends of the trusses. 

In plate girders the flanges frequently show low classification at 
points where the web is not fully spliced near the center and at points 
near the ends of cover plates. The flange riveting near the ends of gir- 
ders frequently has a low classification, particularly where the girders are 
shallower at the ends. 

Webs of plate girders show low classification near the ends of the 
girders where there is a relatively large expanse of web, unsupported by 
stiffeners. The web splices near the end of the span have a low classi- 
fication where only one line of rivets is used in each side of the splice. 

In trusses, the posts and diagonals near the center of the span usually 
show a low classification. This is particularly true of the diagonals and 
counter-diagonals of light eye bars or loop rods. 

Suspenders, or hip vertical members, frequently have a low classi- 
fication. The classification of end posts and top chords of truss bridges 
is frequently low on account of the eccentricity of the member with 
respect to the location of the pin. 

The pins of old truss bridges frequently show a startlingly low 
classification where computations are made in accordance with the usual 
methods and it is necessary to take advantage of certain conditions which 
are more favorable than the usual assumption to help out the classifica- 
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tion. Where eye bar members, consisting of more than two eye bars 
meet on a pin, a slight redistribution of stress in the several eye bars will 
frequently increase the classification of the pin, and this is justifiable as 
being in line with the way the structure actually works. 

Where certain members have wide bearing surfaces on the pins, the 
center of pressure can be taken near one edge of the bearing surface, 
and thus increase the classification of the pin and, at the same time, ap- 
proximate more nearly the actual behavior of the detail. 

It is also permissible to use higher stress for figuring pins than for 
the other members of the structure. The following illustrates what might 
be considered permissible, providing there is assurance that the material 
is of good quality and the computations take account of all the forces act- 
ing: 

Wrought Iron, 40,000 lb. per sq. in. in bending 

Soft Steel (0.1%) 45,000 lb. per sq. in. in bending 

Structural Steel (0.2C), 48,000 lb. per sq. in. in bending 

Mild Steel (0.25C), 52,000 lb. per sq. in. in bending 

Medium Steel (0.35C), 56,000 lb. per sq. in. in bending 

Hard ^teel (0.45C), 64,000 lb. per sq. in. in bending 

It is to be noted that in bridges built in the later 80's and early 90's 
hard grades of steel were frequently used for the pins. 

In timber trestle bridges, the stringers, in bending, usually show 
low classification. On account of there being three or more sticks acting 
together, it is permissible to use a higher unit stress for trestle stringers 
than for a single stick, as the average strength for the several pieces ex- 
ceeds that of poorest one. 

On account of the exposure to the weather and the deterioration 
which gradually takes place, the allowed stress in timber stringers should 
be reduced as the age of the bridge increases. Where the bridges are 
thoroughly inspected and defective timber promptly replaced and subject 
to the same general consideration given above, for metal bridges, the 
following unit stresses might be taken as a safe practice for maximum 
fibre stress in stringer bridges without allowance for impact: 

For stringer bridges 6 years old 2,000 lb. per sq. in. and reduced 
about 100 lb. per sq. in. for each year following. 

The above figures are based on Douglas Fir or dense yellow pine and 
for climatic conditions prevailing in the North Central states. In more 
arid regions where longer life of timber may be expected, the reduction 
in stress for age need not be so rapid. 

On account of the comparatively short life of timber bridges and the 
ease with which they can be renewed there is not generally the same 
urgency in establishing maximum safe stress limits as in the case of the 
more permanent metal bridges. In timber truss bridges the lowest 
classification usually occurs in the floor beams, in truss rods and diagonal 
braces. 

It has been found that metal bridges suffer frequently from corrosion 
at the top flange of stringers and floor beams on account of action of 
brine drippings from refrigerator cars. 

In bridges where ties are supported on shelf angles, riveted to the 
web of the girders, the shelf angles frequently show considerable cor- 
rosion and tend to break in the root of the angle. In pin connected 
trusses, excessive wear sometimes takes place in the pin bearings, par- 
ticularly in draw bridges. 

Metal bridges and viaducts over railroad tracks frequently show ex- 
cessive corrosion in the floor system and laterals due to smoke and gas 
from locomotives, also from the fact that the solid floors of such bridges 
dp not permit the steel work beneath to dry out quickly. 

Metal over-head bridges having a scant clearance^ so that the stacks 
of locomotives come close to the steel work, frequently show excessive 
wear from the sand blasting effect of cinders from the exhaust, particu- 
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larly on ascending grades where the locomotive is worked hard under the 
bridge. 

Possible deterioration of the structure of the metal itself has in 
some quarters been a matter of apprehension, but it now seems to be 
recognized that no such internal deteriorating action takes place where 
the bridge has not been subjected to excessively high stress; if crystal- 
lization is found in the metal of a structure, it probably was there at the 
time the structure was built, on account of improper methods of manu- 
facture of the material. 

It may, therefore, be taken as a certainty that iron and steel bridges, 
if not reduced in section by rust, etc., and if not shaky on account of in- 
adequate bracing, are fully capaljle of carrying the figured loads at rea- 
sonable limiting unit stresses, provided they are carefuliy inspected and 
properly maintained. 

Strengthening of Light Bridges 

Strengthening of light bridges may be either a matter of reinforcing 
minor details, which are found to limit the carrying capacity of the 
bridge, or may consist of heavy reinforcing in an attempt to increase the 
strength of the structure throughout. 

The minor strengthening can usually be done at small expense and 
is an economical method of getting considerably greater life out of 
bridges. Heavy reinforcing may or may not be economical, as it involves 
work being done in the field which is expensive, and the maintenance of 
traffic during the time the work is in progress, which involves some risk 
to traffic, and is unusually expensive. On very large bridges where the 
cost of replacing amounts to a very large sum,, some very extensive 
strengthening operations have been carried out economically. 

In making plans for reinforcing bridges, it is usually preferable to 
add new material to the structure so that the present structure is not 
weakened temporarily, rather than to remove parts and substitute heavier 
ones, though the latter has sometimes to be resorted to. The descriptions 
of the points at which low classification usually occurs suggest in them- 
selves how these might be strengthened. 

In plate girders the top and bottom flanges may be strengthened by 
additional cover plates, particularly at points where the web is spliced 
and not effective for carrying its proportion of the bending stress. Where 
there are no cover plates on the girders, cover plates of desired length 
can be added. On plate girders where there are two or more cover plates, 
additional cover plates would be nearly the full length of the girder and 
expensive to apply. Plate girders can be doubled up to make deck spans, 
using three or more girders per span at small expense and thereby using 
up light girders and providing bridges of large carrying capacity. 

Where waterways or other undercrossing conditions permit, timber 
bents can be placed under spans to strengthen them. 

Where the rivets in the flanges of girders show low classification, 
larger rivets can be substituted for existing rivets, or, where the rivet 
spacing permits, additional rivets can be driven. 

Where the web plates give a low classification, additional stiffeners 
can be placed in the panels near the ends of the girders to give additional 
support to the web and increase its classification. 

Shelf angles can be strengthened by short vertical stiffeners beneath 
them. Where web splices with low classification occur, these can be re- 
placed with wider splice plates with additional rows of rivets in the splice. 

In through bridges the stringers can be reinforced by additional 
riveting, by the placing of additional stringers of either timber or steel, 
and by shifting existing stringers to secure a better distribution of the 
load. Where stringers are spaced so that some stringers do not carry 
their full proportion of load, it is possible to introduce cross bracing so 
that all the stringers in the panel act together to carry the load and re- 
lieve an excessive load on certain stringers. 
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Floor beams can be reinforced by cover plates or angles added to 
the flanges, by additional riveting, or by shifting the stringers toward the 
trusses, to reduce the bending in the floor beams. In very old bridges 
floor beams are frequently of much lower classification than the remainder 
of the bridge and can sometimes be replaced with entirely new floor 
beams at a reasonable expense so as to get additional life out of the re- 
mainder of the structure. 

In trusses, diagonals and counters can usually be reinforced with ad- 
ditional bars or rods with loops over the truss pins and connected by turn 
buckles to provide adjustment. Similarly, botton chords of eye bars 
can be reinforced with additional bars with yokes bearing on the heads 
of the original eye bars. 

End posts of through bridges, whose low classification is due to 
eccentricity of members, can be strengthened by placing angles or plates 
on the sides of the members, so as to make the cross sections better 
balanced, and reduce eccentricity. 

Where pins have low classification, it is sometimes possible to move 
the members on the pin to reduce the bending. In some cases, dia- 
phragms placed inside of built-up numbers will relieve bending on the pin. 
The pins themselves can be strengthened by replacing them with high 
carbon, or special alloy, steel pins of the same size, or, if additional 
strength is required, by boring out the pin holes and putting in larger 
pins. This operation has been done a number of times, but requires 
rather elaborate arrangements for holding the members in position while 
the pins are removed, and for boring the holes. 

Timber truss bridges can be strengthened by placing additional floor 
beams, diagonal braces or truss rods where needed. 

Where timber trusses are old and have commenced to open slightly 
in the joints or show other signs of diminished strength, they can be 
strengthened temporarily and carried for a few more years by placing tim- 
ber bents under the panels points, two or three panels from the end of 
the span. This has the effect of reducing the span length and stiffening 
the span. 

Timber trestle bridges can be strengthened readily by additional 
stringers. 

The cost of strengthening bridges varies with the size of the job, 
the amount of staging required, the amount of moving it about to reach 
different portions of the work, the size of the crew available, the distance 
traveled by crew, tools available, etc. In a general way, it has been found 
that the cutting out and replacing of rivets on ordinary strengthening 
jobs costs from 25 ct. to 75 ct. each. Drilling and driving new rivets, 
50 ct. to $1.00 each; that is, the cost of such work will be given by the 
total number of rivets driven at these unit places, plus, the cost of ad- 
ditional material required. 

With the maintenance of old bridges of light capacity, the question 
continually arises whether it is more economical to strengthen the struc- 
ture or renew it. As a general proposition it would be permissible to 
spend each year for strengthening an amount equal to the interest on the 
investment in a new bridge, less the cost of additional maintenance re- 
quired by the old bridge on account of the greater attention it receives. 

For illustration, consider a few lengths of through spans designed for 
E-55 loading, replacing similar spans designed in the early '90's, new steel 
work being taken at 5 ct. per pound erected, falsework at $10 per lin. ft., 
removal of the old structure at $10 per ton, salvage on old spans at 2J^ ct. 
per pound, additional cost of maintenance of the old span on account of 
additional inspection, classification and supervision required, $1 per ft. 
of span per year. The last column of the following table shows the 
amount which we could afford to spend per year in strengthening old 
spans rather than to renew them. The costs shown in this table are for 
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46,800 
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67,200 
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illustration only. As they fluctuate from time to time the resulting 
economies will vary accordingly. 

The writer has in mind a bridge having three 400-ft. spans which if 
renewed about ten years ago, as some railroad managements might have 
done, would have cost about $370,000, after deducting the salvage value 
of the old spans recovered. The interest on this investment for the ten 
years would have amounted to about $185,000. Instead, however, of re- 
placing these spans they have been carefully maintained and inspected and 
the details strengthened wherever the classification showed that it was 
necessary to carry the heavier traffic. The actual cost of strengthening 
together with the additional maintenance expense has amounted to not 
over $100,000 during this period, showing a saving for this one bridge of 
about $165,000 because of the policy of getting the longest practicable life 
out of the structure. 

This illustration is intended to show only one way in which the 
problem may be considered. With old and light bridges a limit is reached 
beyond which it is not economical to strengthen them, and replacement 
then becomes necessary. It must be recognized, of course, that a newly 
designed and heavy structure is preferable to a lighter one. It is possibly 
true that in case of a serious accident on a bridge, a light structure might 
be destroyed while a heavy new structure might withstand the same treat- 
ment without being seriously disabled. Such consideration must be taken 
into account in shaping the general policy in keeping light bridges in 
service. 

Acknowledgment is here made of the valuable assistance in the 
preparation of this paper by R. L. Stevens, assistant engineer on the C. 
M. & St. P., who has in the past aided largely in the work of classifying 
the bridges on that railroad and has prepared the data which has been 
worked up in the illustrations and diagrams herewith. 



DISCUSSION 
(Carrying Over Bridges.) 

The President :— We will now take up the discussion on Mr. 
Loweth's paper. 

E. T. Howson: — One thing to which Mr. Morse referred 
in his paper yesterday is closely allied with the subject in Mr. Low- 
eth's paper ; that was that we could afford to spend a lot more now 
in repairs to carry structures over than we could under normal 
conditions. The cost of doing work is so much greater now on 
account of the higher charges for labor and materials and the 
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delays which necessarily ensue, that, as Mr. Morse said yester- 
day, we can afford to spend up to 30 or 40 per cent of the cost 
of a new structure for repairs that will carry a bridge three or 
four years longer or until we return to normal prices. That sit- 
uation is being brought prominently before railroad men now by 
the difficulty the Government is encountering in closing negotia- 
tions with the roads for the acceptance of cars. The United 
States Railroad administration ordered 100,000 cars and dis- 
tributed them between the railroads which it thought needed them. 
The officers of these roads are hesitating about accepting those 
cars now and paying for them at the high prices which now pre- 
vail. As a result the Railroad Administration finds itself with 
100,000 cars on hand and many railroads unwilling to take them 
over and pay for them. 

The situation with reference to bridge work is the same. It 
costs so much more than in normal times to renew bridges that 
if a bridge can be carried over, even by extensive repairs, it is 
well worth while now. It used to be that the repairs Justified 
would be a relatively small per cent of the cost of a new structure, 
but that per cent is greatly increased now. 

L. D. Had wen: — The point Mr. Howson just emphasized 
raised another question in my mind, — whether our bridge inspec- 
tion in these times is sufficient, or, if enough attention is being 
given to the possibility of carrying our timber bridges a little long- 
er? The general attitude of bridge inspectors is to play safe. For 
this reason there is danger of their recommendations being a lit- 
tle premature. I think it behooves everybody connected with the 
maintenance of bridges to bear in mind that it is advisable to give 
very serious consideration to any recommendation for the renewal' 
of timber bridges. 

J. S. Robinson: — I think we ought to bear in mind, that in 
trying to carry over old bridges we must inspect them more often 
than we have been, being particularly cautious that old bridges 
are kept safe, that no member in a truss or any other kind of 
bridge is unsafe. That requires very close examination. Any 
member might fail under heavy loads now and not be observed un- 
less it is looked over carefully. 

Lee Jutton: — The paper which has just been read had to do 
mostly with the larger structures. Such structures are handled by 
the higher officers and are carefully studied before a decision is 
reached. On every railroad a lot of minor repairs are made with- 
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out anybody perhaps knowing about them except the local fore- 
man, or the district foreman. I think we ought to get a little 
different viewpoint into those men's minds and have them think 
twice before they renew planking, ties, etc. They all have stand- 
ards to go by, but all standards are now. being put aside and a 
second thought given as to whether that work should be done im- 
mediately. That was brought to my mind because of a little 
pamphlet on fuel in which it was shown that 90 per cent of the 
fuel used on railroads is locomotive fuel and the other 10 per 
cent for other purposes, such as heating plants, pumping stations, 
etc. Figures were given to show what an enormous saving could 
be made by conserving a small percentage of this 10 per cent. 

It is all right to study the large bridges carefully and where 
we used to rebuild them to carry them over by reinforcing them. 
While it is also very important that a man should make small 
repairs, it is just as important that he give these things careful 
consideration and think twice before he makes repairs that ordina- 
rily he could do without. 

R. H. Reid: — On the New York Central repairs on bridges 
are laid out by the bridge supervisor, even the renewal of ties, 
the tightening of bolts, repairs on ribbons or so-called outer guard 
rails and everything else. In these times, of course, many of 
those minor repairs have to be cut out. 

Now, on bridges of both steel and wood we frequently find 
a few poor ties. If those ties are scattered they are left until a 
more urgent time. In the same way the ribbon may be sap rot- 
ten, but as long as the ties are in place and there is no evidence 
of the ribbon letting go it can be carried over. The stringers will 
frequently show decay at the joints near the ends while they may 
be sound in the middle. Generally the joints over the bearing 
will stand considerable decay before they give out. The same 
is true of the caps. They may show decay in certain parts, es- 
pecially at the end, but there is no immediate need of renewing 
those caps. In ordinary times when stringers show certain con- 
ditions it may be well enough to put in extra stringers and release 
or take out the decayed ones and replace them, but in times like 
these such work can frequently go over until labor and material 
are more plentiful. 

Where we have I-beam stringers in steel bridges which have 
become too weak with the increase in weight of motive power and 
of cars we have replaced them with wooden stringers. In other 
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cases where wooden stringers were not heavy enough we have re- 
placed them with second-hand I-beams sometimes taken from other 
spans. In other cases we have taken plate girder spans from 
tracks that are now unused and installed them where they were 
more urgently needed. 

A. H. King: — It seems to me that conditions today as far as 
repairs are concerned are not much different than ordinarily. I 
remember during all the time of Tny service that we have been ex- 
pected to know if a structure was safe and if on our regular in- 
spection we found that there was anything we thought was un- 
reasonable or unsafe we were supposed to get busy. We have 
always had plenty of material to make a structure safe. All I 
can see to the problem today is that we have got to bend our en- 
ergies a little further toward inspection and to make inspections 
oftener. I don't feel that the general situation is any hardship 
at all. I am always glad to see the opportunity to work in second- 
hand material. 

J. S. Robinson : — We have cases on our lines where we run 
refrigerator cars and the dripping from the brine causes bad re- 
sults. We have found I-beams and deck girders where the flanges 
were corroded to a knife edge from the action of the brine. We 
watch those bridges very closely. That is one thing I had in mind 
in urging frequent inspections of bridges we are trying to carry 
over. We have carried over a number of girder and I-beam 
bridges a year longer than intended by watching them closely, 
scraping off the brine and cleaning them a little. This requires 
constant inspection and constant supervision but in that way we 
are able to carry them over. It is difficult to get steel structures 
now. 

A. S. Markley: — The danger of rotten timber in wooden 
bridges should not be lost sight of. Ninety-nine per cent of the fires 
result on account of decayed timbers. We should remove all 
timber that is bad before fires start. Of course, we have sap- 
rotten timber but we can remove that. We should not lose sight 
of rotten stringers between the joints and down in the corbel 
where 90 per cent of the fires originate. We can't be too liberal 
in our inspections. 

F. E. Schall: — Mr. Robinson's discussion brought out a 
point that I think is very timely, the matter of brine drippings. 
He said something about flanges being corroded to a knife edge. 
We have had similar cases. We have had to take them out and 
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reinforce them. As has been said, this requires close inspection. 

In regard to timber, I think Mr. Markley's remarks were 
very timely. We have been cutting off the sap rot for years. We 
had one sad experience in which we lost about 3000 ft. of tracks 
through fire on Newark Bay. You must make closer supervision. 
Don't let the foremen, take the action, tell them what to do. It 
is harder now than it ever was to attend to your duties in such a 
way that you will conserve material. The foreman will take the 
safe course, and many times he will let a crew renew members 
that could be carried over. The supervisor must keep in close 
touch with every foreman and tell him what to do. By so do- 
ing he can save a lot of money and a lot of material and still be 
on the safe side. 

D. B. Taylor: — Our idea is to have a bridge and building 
inspection every fall. The master carpenter personally is re- 
sponsible for the condition of his structures as to ties, painting 
and the renewal of rivets where corrosion is setting in. We figure 
on the necessity of cutting so many rivets out and replacing them 
with new rivets in the upper and lower flanges and in the stringer 
connections in the floor beams, replacing all ties, repairing mason- 
ry or any other work the structure needs, as well as painting the 
bridges whenever they need it. We count the split and bad ties. 
By this method it is put strictly up to us to know how every 
structure is as to caps, piling and everything. We know that the 
master carpenter personally is in charge; it isn't left to foremen 
in our territory. 

A. H. King: — I wish to say that on our main line of 315 
miles, we have strengthened all of our trestle bridges by adding 
additional stringers on each side and where necessary we have 
placed an extra post. Another method of conserving timber that 
I found IS working out very favorably, is that of turning or 
shifting ties in order to get a better spiking surface and to turn 
down slightly decayed portions. Instead of scrapping our guard 
rails on account of broken daps, we cut blocks and nail them on 
the top of the cord to hold the ties in place. I think we save 
a great deal of labor and material in this way. I don't approve 
of this so much on main lines as I do on branches where the 
traffic is not so heavy and the power is lighter. 

R. H. Reid: — ^We have on the New York Central a pile 
bridge that was built in 1892. In 1903 we put on a new deck. 
The piles were fairly good but we drove a few extra piles in 
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each of the bents to strengthen them. That bridge carried traffic 
until last year when it was renewed. We have timber bridges that 
were built in 1898 to 1900 that are still carrying traffic. One of 
these bridges built in 1900 has the original stringers, ties and 
bents. We have quite a few others that are from 15 to 18 years 
old. One can make a good job of repairing and carrying over 
bridges if good foremen are employed. 

A. H, King: — We are doing some repair work of a semi- 
permanent character. When the piles decay badly at the ground 
line we cut them off a few feet under the ground and build a 
concrete pier, using the old pile stubs as long as they will last 
and then substituting frame bents. 

R. C. Sattley: — Many bridge men place a stub on top of a 
pile that has been cut off below the ground. I think it is good 
practice to indicate in some way that this substitute is a stub. As 
a general rule a square timber extending into the ground de- 
notes that it is only a stub. 

R. H. Reid : — The . bridge records should show which are 
piles and which are stubs. On the New York Central we keep 
a record of every pile that is stubbed or spliced. If the inspector 
is onto his job he can tell if it is a stub or a pile from its ap- 
pearance, but his record ought to be a guide. I do not think there 
is much economy in cutting off piles and building concrete piers 
on them and then putting frame bents on those piers. I think it 
is just as well, if not better, to put the bent directly on the pile 
stubs, then you can renew that bent as long as the piles remain 
sound and you know what you are doing. 

Something was said about using old stringers to make frame 
bents. One needs to be careful in doing that; if one uses soft 
wood stringers they may not carry the load. They are liable 
to fail by crushing or splitting. I found that to occur in a good 
many instances where it had been tried on some of our lines which 
were operated independently before we took them over. 

The Secretary: — Mr. Reid says it is better to cut off piles 
below the ground line and then place bents directly on the cut- 
off piles. That is putting timber right back into the ground and 
in certain soils and locations wood rots very quickly. In many 
locations on the Northwestern, and especially, in the western 
country, we have found it advisable in many inst-ances to build 
the small concrete piers, then the frame bents come well above 
the ground and will last as long as the rest of the structure, where- 
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T<. H. Reid: — The f.r-t thing to consider in determining the 
nece-.-.iU' of renewing stee! or iron bridges, is the calculation of 
their loads. We ha^e a pretty ^^yfA idea of what the loads are go- 
ing to be or what are propo-ed and we can determine what the 
stresses \\'u\ normally be for those loads. In the case of plate 
girrjers, if the stre-ses are not actually prohibitive, we can let 
them put the loads on for a while and watch the girders. If there 
is an Inrre?jse of say 20 per cent in the loads over what they have 
been carrying, let thf:m put tho-e loads on for a while and watch 
the results. If the rivets do not loo-en up and there is no danger, 
then go on until they do. Of course, if there is an increase of 
50 \j('X cent in the loarls and the indications are that prohibitive 
stre, ,fs will be created it inav be policv to take the structure out 
without further investigation, but for ordinary- increases we can 
^afely let them "put the load on and watch the structure. We have 
structures that are from 30 to 40 years old and still carrying our 
niaxlmum loads and carrying them safely. 
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In the case of trestle bridges it is not so easy to determine 
from appearances when loads are becoming dangerous. 

Mr. Bainbridge: — I would like to ask Mr. Reid a question. 
In watching the steel bridges do you figure the load that is al- 
lowed over the bridge first or do you let the load go over and see 
the effect of the load on the bridge? He mentions that he has 
bridges 30 to 40 years old still in service. We have too but they 
were designed for our heavier lines at that time and have prob- 
ably been taken out and put on some of the branch lines wkfere 
the increase in weight of power has not been anywhere nearly 
in proportion to what it is on our main lines. We determine 
what the bridge is, steel or iron, and figure what it is good for at 
limiting stresses. When the bridge was designed it was probably 
designed for a certain class, maybe at a stress of 16,000 lb. Now 
if you increase the stress to 20 per cent and still maintain the 
16,000 lb. your increase in load is not going to be very great, but 
if you increase the stress to 20,000 or 22,000 lb. and you increase 
the load much more in proportion it will be. 

R. H. Reid: — If you increase the load you necessarily increase 
the stresses in the structure. But we calculate the structure for 
the load before putting these increased loads on it to see what 
stresses they are going to give. 

F. E. Schall: — The gentlemen gave an idea of what a bridge 
might be put to. • The life of a bridge does not so much depend 
on the light loads as the over-stresses. 



THE CONSERVATION OF MATERIAL 

By G. W. Andrews* 

It is probably not generally known that the pig iron situation to- 
day has become a very serious one, in fact, such that the amount avail- 
able is only about sufficient to provide for war requirements. This be- 
in^ true, it has become necessary for our Government, through the War 
Industries Board, to formulate and issue certain rules prohibiting the 
use for all purposes possible of all materials in which pig iron enters 
into the production. This, of course, takes in all steel and iron products 
of every character. • 

In view of the above condition, the use of cast iron and steel pipe 
has practically been prohibited' for the period of the war, for any pur- 
poses where brick, stone, concrete pipe, vitrified clay and wood pipe can 
be substituted. Knowing as we do the great value of cast iron, wrought 
and steel pipe, we have been prone to lean toward its use even where it 
was possible to substitute other materials. 

There is absolutely no reasonable excuse for using at this time, 
metal piping of any character for drainage and sewer or culvert uses 
on railroad work. For drains under tracks, I do not believe we should 
ever install anything smaller than a 12 in. opening and for this purpose 
we should use 12 in. by 12 in. wood boxes made of lumber 2 in. thick 
and treated wherever practicable. When greater openings are retjuired 
we shouM go to 18 in. to 60 in. vitrified clay or reinforced concrete 
pipe.. For underground drains of small sizes, we should use vitrified clay 
pipes, and where necessary, cover them with concrete. I am fully aware 
that this does not comply with community laws, but as previously stated, 
the use of steel or cast iron pipe will be prohibited, and there will be 
nothing for the communities to do but fall into patriotic line and con- 
sent to waive iron clad requirements. 

For certain water lines, especially long supply and gravity lines, 
serious consideration should be given to the use of wood stave pipe. I 
have recently made a close study of the use of this type of pipe with the 
result that an order has been placed for 9000 lin. ft. of 8 in. pipe for 
use as a gravity line connecting high and low pressure reservoirs. 

The use of steel, either in supports or water storage tanks, must 
be discontinued during the period of the war, and timber or concrete 
substituted. As a matter of economy, the writer's favorite practice of 
placing from 4 in. to 6 in. of concrete on the bottom and a few addi- 
tional hoops between the regular lower hoops, should be given serious 
consideration, not only during the present trying period, but for the fu- 
ture. It will probably be asked what effect this has on the top of the 
slaves. The answer to this is, none. I believe that nearly, if not all 
of our members, will agree with me that our greatest trouble with 
leaks is either around the chimes or at the top of the staves. The ce- 
ment bottom and additional hoops will take care of the chimes and, in 
many cases, the lowering of the float valve a few inches will take care 
of the top. Where holes appear on other parts of the staves, they can 
very often be remedied easily by clamping a piece of 1 in. or 2 in. stuff 
on the inside. Details have been entered into to fully impress on all con- 
cerned the necessity of conserving wherever possible, in the care and 
maintenance of tanks. 

There is no work handled by bridge and building forces, in which 
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the necessity for conservation does not enter. For buildings we should 
discontinue, especially on outlying stations and other small structures, 
the use of large glass in the windows, substituting wherever possible, 
sash with small glass, not larger than 12 in. by 14 in. 

In painting buildings and bridges, there is unquestionably a great 
waste in brushes, in many cases the foreman permitting them to remain 
in the paint cans until they are valueless. It should be the duty of all 
foremen to see that all used brushes are kept in a softening liquid and 
in condition for use until they wear out. Receipt should in all cases 
be taken from each man for dusters and putty knives furnished and 
these should be returned at the end of the job or on the laying off of 
the men. 

Gutters as well as down spouts on line» or road stations, freight 
houses, etc., can in many cases be made of wood instead of metal. The 
life of roofs can be prolonged materially by judicious and proper paint- 
ing, and even when filled with pin holes they can be preserved by the 
application of a good roofing cement in paint form. 

Water supply offers considerable food for study. More time should 
be given to the proper training of our pumpers in the proper method 
of firing their boilers, oiling of pumps, running repairs, prevention and 
wastage of waters, and the plain exercise of common sense in handling 
their work. 

On timber structures, it will always be necessary to take out tim- 
bers of which a large percentage is good. They can often then be used 
in the same structure for shorter members, but where this is not prac- 
ticable they should be sent to the company's saw mill for reclamation. 

All bolts, packing spools and washers should be saved and where 
necessary, bolts recut. Any railroad of large mileage that has not es- 
tablished reclamation shops, must certainly feel the -need for them at 
this time, especially in bridge and track work. The company with which 
I am connected has had such shops in operation for a number of years, 
and they have proven an economical proposition in the best of times, 
and a blessing at this time. 

In our bridge, frog and switch shop we are at the present time 
turning out necessary materials, especially bridges, that would be out 
of range of possibilities to obtain. Let us remember that we must stop 
and think before ordering new material, no matter how small the item, 
that it might be possible to substitute for something else. Permit noth- 
ing to go into the sale scrap pile that can be used. First of all, train 
your men, especially foremen, to follow along these lines. 
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This subject is one that admits of a wide variation in ideas and is one 
on which much can be said against either small or large gangs. In my 
opinion the success of either rests with the foreman and his ability to lay 
out the work and arrange the details so that neither confusion nor discord 
is permitted to arise. 

A close observation and study of men in charge of gangs discloses 
three classes of foremen: (1) A man who can handle two or three men 
to good advantage and keep them busy, but whose efficiency as a foreman 
ceases when he gets more than this number: (2) the man who is capable 
of handling a large crew of men on a large job but who is " at sea '* on a 
small one and, (3) the man who is the happy medium between the first 
and second and has the foresight and ability to lay out and arrange his 
work so that he can keep all his men busy, whether the job is small or 
large. I believe that a crew composed of a foreman and five to seven 
men is preferable to a larger one for general maintenance work and that 
the work is done more efficiently and economically. Take the gang sta- 
tioned at the average terminal where the men may all work at the same 
job from one to several days at a time and then be spread out for days at 
a time with not more than two men working together. Then it is that 
the foreman has his hands full to look after them to see that the work is 
done properly and that they do not lack for material. Here is where the 
small gang is preferable to the larger one from an economic point of 
view, as it gives the foreman more time to oversee the work. At the 
same time we all realize that the closer the supervision the better will be 
the results obtained. 

A road gang should have about the same number of men as a terminal 
gang for various reasons. Take for example a job of renewing bridge 
ties or cutting off piles and putting on frame bents. A gang of from 6 tc^ 
7 men can work to good advantage without getting in each other's way 
and can accomplish practically as much as a larger crew on the average 
job of this kind, especially where the traffic is all heavy. The framing can 
be done while waiting for trains, and timbers can be put in after trains 
have passed, where if too many men are working the framing can be 
done faster than the timbers can be used, making it necessary for the men 
to be idle a part of the time. 

On building work we have many jobs on which it is very difficult 
to keep even six or seven men employed to good advantage. This is 
where a foreman can show his ability by keeping a close watch on the 
progress of the work being performed by each man noting how soon he 
will be through with his present task and then having another ready. 
Again small emergency jobs turn up at points distant from where the 
gang is located which requires the service of from one to three men. 
While this work is in progress there are usually minor repairs at other 
points to be taken care of which the foreman can have done by other 
members of the crew so that the whole gang is working to advantage. I 
believe the average foreman plans his work when he goes to a job and 
organizes his forces accordingly. If a large gang is employed, when 
these small and emergency jobs come up and he has to send a part of the 
gang away it disorganizes the entire force and good results cannot be ac- 
complished. J. P. Wood, 

Chairman. 
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DISCUSSION 
(Small Versus Large Gangs) 

R. H. Reid: — I think the report covers the ground pretty 
well. One point might perhaps be mentioned to bring out a lit- 
tle more clearly the idea that for ordinary maintenance and re- 
pair work a small gang will perhaps serve the purpose more eco- 
nomically than a larger gang; for construction work and especial- 
ly iron construction work, usually a larger gang is necessary, 
especially in the case of the erection of truss bridges. Ordinarily 
a small repair gang can work under the division engineer or the 
division forces but as a rule the larger gangs on construction work 
are more transient. They are so-called floating gangs and move 
from place to place where the larger jobs are under way. For 
those cases I think the larger gang is preferable but in my experi- 
ence I have found that for ordinary repair and maintenance work 
the small gangs are more economical as they lose less time. On 
heavy iron construction and erection work a small gang cannot 
make any headway at all. They are not able to handle the pieces. 
You need a large gang for that. 

J. P. Wood: — ^^In getting up this report I referred to general 
maintenance work. I realize, as Mr. Reid says, that where you have 
larger jobs they require a larger force of men. 

The Secretary: — A great deal depends on local conditions 
,and more particularly on the importance of the job. If one en- 
counters a large emergency job which must be done in a hurry he 
must necessarily arrange for a large crew or double up several 
small ones. As a general rule, on ordinary maintenance work, 
small crews can work to better advantage in many respects. 

J. Dupree : — It has always been my policy to assign my men their 
work the night before they are supposed to do it. Two fellows 
may be painting, two other men may be putting in pipe. I don't 
wait until 7 o'clock in the morning to tell them what they are 
going to do that day but I have it all mapped out and fixed in their 
minds the night before so they can think it over while they are eat- 
ing supper and during the evening. To be sure, we are only work- 
ing eight hours now but that does not make any difference. A 
good foreman will work out his salvation the night before. 

R. C. Henderson: — I think it all comes down to the question 
that the secretary brought up. They give us the work and it is 
up to us to place the gang where the men can do the most good 
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and work to the best advantage. If we have work enough to keep 
10 men busy under one foreman in a certain territory, it is the 
proper thing to use 10 men. I think sometimes we might get a lit- 
tle more work done and more 'economically by having two gangs 
with five or six or seven men in a gang, but the chances are, in 
the majority of cases that one will get more done by having a few 
men than a large gang. 

T. B. Turnbull: — Our railroad is a small railroad and has 
only a couple of bridge gangs, one or two building gangs and a 
dock gang; the largest of these gangs comprises seven men includ- 
ing the foreman. If anything heavier than that comes up we have 
to double them up. The building gang runs as small as four men. 
The only question, of course, is the overhead expense. Most of 
these gangs nowadays insist on having a cook. Then if you give 
a gang of seven men a cook, the gang of four wants a cook also. 
I was wondering what the rest of the railroads do in the matter 
of cooks and how large a gang they have before they install a 
cook. 

W. E. Alexander: — We have had many very small crews. I 
approve of the report that we have before us. We do not want 
crews too large. The proper size depends on the job we are at. 
When we are on a large job we want a gang large enough to handle 
it but on repair work it is a great mistake to have men in each 
other's way. We want good men and plenty of work for them to 
get the most done and the best results. We want enough men, 
however, to do the job in hand. This does not take as many in a 
crew as people sometimes think. 

It has been our custom to have, when we could, what would 
be called a repair gang of 8 or 10 men including a cook and fore- 
man. From 6 to 8 men besides the cook and foreman makes a 
very good repair crew for general work. Even less than that on 
some jobs is better; but when we have less than that we usually 
send out a few extra men where there is extra work coming up to 
be done. 

The question of cooks has been raised. We have several re- 
pair gangs on the road all the time, usually consisting of S or 6 
men besides the foreman and cook. Then we furnish a good out- 
fit and a good cook. The foundation of a successful crew is a good 
cook and plenty to eat. The company furnishes the cook and the 
men furnish the outfit with dishes, clothing, bedding, fuel and a 
stove, each man paying his share for the food which he eats. They 
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are charged their board and settle among themselves the amount 
due from each so the company does not bother about boarding 
them. Under such conditions we find we can get men better than 
we could before. Like all other roads our wages are low and 
we cannot hold good men when somebody else wants them. We 
had had good bridge men and we lost them. We had good car- 
penters and we lost them because somebody else could pay them 
more. We finally got down to where we had only the minimum 
wage and the minimum ability that went with it. When the wages 
were raised our efficiency was raised accordingly. However, this 
has been changed with government management. We are doing 
better than we had ever done before and our men are working 
with better heart, — doing more work in the same hours than they 
did before. We are getting men enough to do our work, but we 
expect that. We do not have large crews and we do not want 
them. The greatest trouble with us is to keep our men employed 
in the winter. WeVe got to hold our good men then. Sometimes 
we have extra jobs coming on through the winter and I am glad to 
be able to keep our men for that. We waste a good deal of time 
in winter with short days, cold weather, and snow, but we must 
have some men to keep up the repairs during the winter, so it 
is more of a problem with us than it is with people further south. 
R. H. Reid: — Referring to Mr. Alexander's remarks about 
taking care of the men in winter I think it is well to provide for 
the winter work during the summer, to arrange the schedule of 
work during the season so that the urgent work that must be done 
in warm weather can be done in the summer and iron work, rivet- 
ing, etc., can be done in winter as well as in summer. 
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It is a long time since we have heard the old argument that labor 
saving devices deny the working man his chance of making a living. 
Even before the present conditions brought about such a scarcity of man 
power, the value of such devices was fully demonstrated, but there arose 
frequently the question whether machine or man power was more eco- 
nomical. Today we are facing a situation that is entirely different and 
the question is almost entirely one of saving labor, or, rather, how can so 
much work as we have to do be done with the men available? 

It has always been a noticeable fact that the more an industry has 
adopted labor saving devices the more rapidly it has developed, and this 
development has not been due alone to the devices but also to the plan- 
ning and organization of the work. The man in charge of the work; 
whether superintendent, supervisor, foreman, or whatever his title, is the 
first factor in the problem of saving labor because much depends upon 
him. It is his part to plan the work so that each operation can be ac- 
complished to the best advantage. Each man is assigned to the work for 
which he is best fitted and the men are so grouped that the various oper- 
ations can follow each other systematically and also so as to avoid hav- 
ing men in each other's way or waiting for each other. In planning the 
work, a foreman should avoid putting too many men on any one part of 
the work because if they are congested they will not accomplish as much 
and there will be much idle talking. Men will work best in teams, and if 
'some plan of competition can be instituted, the results will be better. 
Work should also be planned so that skilled workmen do no unnecessary 
walking in getting at their tools and materials. 

The material arriving at a job should be so unloaded and placed as 
to avoid unnecessary re-handling. Laborers should be employed to bring 
the material to convenient places for the skilled workmen. Tools are to 
be kept in usable and safe condition and returned to proper places at 
night in tool boxes and tool cars. 

The heavier work of the Bridge and Building department is usually 
quite well provided for, because every railroad has as part of its equip- 
ment, pile drivers, locomotives, trains, derricks, and other machinery for 
doing heavy work. Such equipment is provided as a matter of course. 
The conditions prevailing during the last few years have brought about 
an unusual interest in the smaller machines and tools that permit the 
available force to keep up its maintenance and construction work. No 
argument is now needed as to the value of such devices, but the question 
is rather — what can be had and how can it be applied? 

The motor car for the transportation of men and material is accom- 
plishing great results. Through its use men are carried to their work 
with the least expenditure of time and arrive at the job physically ready 
to go to work. It enables crews to go longer distances from their out- 
fits, and because of this, outfits have to be moved less frequently, therebv 
saving train service. The push car is loaded with material and hauled 
as a trailer and material is handled much more expeditiously in this way 
than in the old manner. It is true there have been some accidents in 
the use of motor cars, but as the men become more experienced 
in their use these are less frequent and they may be avoided altogether 
by the use of proper precautions. Motor cars and push cars should not 
be used on the main line without knowinjf that the track is clear. The 
loading of the cars should be watched carefullv by the foreman. Material 
and tools carelessly loaded may drop off and cause derailments, or con- 
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siderable loss in time in going back to pick them up. If material is of 
such a nature that it is necessary to have it project at right angles to the 
track great care should be exercised in seeing that it will not come in 
contact with traffic on other tracks or with switch stands, etc. 

The concrete mixer is another device which has brought. about much 
saving of labor and is now manufactured in so many different sizes and 
forms that all classes of work can be taken care of. The smaller portable 
outfits are economical for use on comparatively small pieces of work and 
the larger outfits, in conjunction with hoists and conveyor belts and other 
devices, are proving very effective on large construction work. 

The gasoline engine is another device that has effected much saving 
in labor. It is used in conjunction with motor cars and concrete mixers 
before mentioned, and, in its various forms, can be adapted to many 
operations on maintenance work, such as running pumping machinery, 
hoists, small pipe saws, etc. 

The manufacturers have placed on the market a variety of tool grmd- 
ers, with numerous attachments, that make them almost an indispensable 
part of the working outfit and their value is self-evident. 

Hand derricks or cranes can be used most effectively for lifting and 
placing heavy timbers and other heavy material and have proven them- 
selves very effective when mounted on push cars. The Northern Pacific 
has in use a home-made hoist mounted on a push car which is very simple 
of construction and easily manipulated. A frame of 4-in. timbers bolted 
to the deck of the car carries an old hand car gearing on the gear axle 
on which has been placed a 10-in. oak drum. Through the frame at right 
angles to the track and projecting on either side is run a 6-in. by 10-in. 
timber blocked up on one side of the car and bolted to the floor on the 
other. Two 6-in. sheaves are fastened at the upper end of the timber and 
a rail clamp with a chain at the lower end is used to prevent the car 
from overturning. With this device two men can pick up a stringer from 
the embankment at the end of the bridge, swing it clear, run it out on 
the bridge and lower it on the end caps, ready to be put in place. The 
device has proven very efficient and practical. The Southern Pacific has 
a light steel derrick mounted on a push car which is used for similar 
work. The Chicago, Milwaukee & St. Paul Railway has similar home- 
made devices installed on push cars which will enable two or three men 
to accomplish work that formerly took from six to eight. 

F. E. Weise, 

Chairman. 




Hand Car Derrick, Chicago, Milwaukee & St. Paul Ry. 
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DISCUSSION 

E. E. Candee : (by letter) I am using a contrivance on the New 
York, New Haven & Hartford that would come under this head 
which consists of a push car with a Jinniwink derrick and a hand 
crab mounted on its deck for putting in stringers, caps and heavy 
posts, unloading heavy timber from sideboard cars, setting light 
structural steel, — and in fact for any purpose where it is desired to 
lift not over one ton and is not practical to use a steam derrick. 

The dimensions of the car and derrick are as follows: wheel 
base of push car, 8 ft. Deck extends 1 ft. past the forward axle and 
2 ft.-6 in. over the rear wheels, making 1 1 ft. -6 in. over all. Shear 
legs of the A-frame are 8 ft. long. Boom, 22 ft. long. Crab sets 
over rear axle. 

The car is anchored to the track when in use by rail clamps con- 
nected to the body of the car and when thus clamped to the rail the 
load can be swung out at right angles from the track for a distance 
equal to the length of the boom. The outfit is taken off the track 
when not in use by means of a small turntable, or jigger. Three 
men can place the car on the track ready for service or remove it in 
one minute. In a test taken when the car was first put in service, it 
was put on the rails and four 8-in. by 16-in. by 24- ft. stringers were 
loaded in 4 minutes. The outfit with its load of stringers was pushed 
out on the bridge, the 4 new stringers placed and the old stringers 
loaded in 10 minutes. While the track was being lowered the old 
material was taken on shore and placed on a pile by 3 men and a 
foreman (with one man lowering the track) the outfit being removed 
from the track in 6 minutes, making a total of 20 minutes to place 4 
stringers on the bridge with the foreman and 4 men doing the work. 
No man did any lifting or straining as would have been the case if 
stringers were put in the old way. 

The derricks that I have in use were built by my bridge men on 
days when the weather would not permit them to do outside work. I 
do not think too much can be said in favor of these little derricks for 
bridge work ; for they riot only make it possible to do heavy bridge 
work easily, but quicker and with fewer men. With this outfit 6 men 
can do more work in less time than 8 men can do without. We 
.operate them on a trestle where 18 passenger trains pass between 
7 a. m. and 6 p. m., besides a large number of freight trains and 
switching movements and never have to hold an extra over 10 min- 
utes. If the same work was done by hand it would be almost im- 
possible to do it without holding trains one-half hour or more. 



FACTORY-MADE REINFORCED-CONCRETE PRODUCTS* 

By Charles Oilman 

The purpose of this paper 13 to describe ^hje salient features of rein- 
forced-concrete products as applied to railway work, with special refer- 
ence to those that are made in a well-organized and equipped plant and 
which, for the sake of brevity, will be styled " factory-made." It is also 
proposed to show how the development of the factory-made reinforced- 
concrete product has solved many of the construction, maintenance and 
economic problems of railway engineering. The merits that determine 
the adaptability and efficiency of any construction method from the po:nt 
of view of a railway engineer, and that are distinctly characteristic of the 
factory-made concrete product, are the following: Permanency as regards 
both dependability of service and lasting qualities; availability of products 
to point of installation; portability of products to facilitate transpor- 
tation and handling; minimum interference with traffic; reduction in the 
use of motive power and rolling stock for construction purposes; mini- 
mum amount of labor used in the field; ultimate economy. 

Concrete Pile Trestles 

The first example of factory-made reinforced-concrete products to be 
considered is the concrete-pile trestle, the development of which began 
about 1906 by the late C. H. Cartlidge, who was for many years engineer 
of bridges of the Chicago, Burlington & Quincy R. R., and who is con- 
sidered the pioneer in the use of factory-made concrete piles and slabs 
in railway work. In a report on " Reinforced-Concrete Trestles," pre- 
sented before the Western Society of Engineers, April, 1910, Mr. Cart- 
lidge summed up the results to be attained in the following words: "An 
investigation of the reasons for the great economy of such a construction 
as the pile trestle shows that it is largely due to the small amount of 
work necessary to be done in the field. There are no coffer-dams, foun- 
dation pits or falsework to be built. Very little raw material has to be 
unloaded and cared for. The members composing both the substructure 
and the superstructure are taken out and put in place very largely by ma- 
chinery with a minimum disturbance of track and delay to traffic. It was 
evident that if a construction of permanent material having the character- 
istics mentioned could be devised, the result would be what was wanted." 

To meet with the conditions mentioned by Mr. Cartlidge, it is neces- 
sary to obtain the maximum efficiency of concrete and steel so as to re- 
duce the weight to a minimum. The reduction of weight is brought about 
in the design of concrete piles by providing definitely designated points 
at which the hitches for handling are to be made. The reinforcement can 
be increased at these points to take care of the stresses developed in 
handling, rendering it unnecessary to provide for a cantilever action for 
the entire pile when handled promiscuously. It has been found that pil- 
ing 50 ft. in length can be economically designed to be handled with one 
hitch made one-third the way from the butt end; for longer piles, addi- 
tional hitches should be provided for. The drawing shown (Fig. 3) in- 
dicates the general dimensions and system of reinforcement that has been 
found to produce a very economic type of piling for railway trestles. 
This pile is calculated to take a working load of 25 tons with a maximum 
colurtin action above ground of 20 ft. 

The concrete slab, details of which are shown in the illustration, 
(Fig. 4) should be designed to provide for easy handling. Two slabs 
are used for one panel of a single track bridge, as they can be placed 

♦Reprint from American Concrete Institute, Vol. 14, 1918. 
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with less interference to track and traffic and less derrick power than one 
slab for the entire width of the bridge. A trestle for one track is from 
13 ft. to 15 ft. wide, according to the various railway standards, so that 
each slab would be 6 ft. 6 in, to 7 ft. 6 in. wide. The length of slab can 
be standardized to a large extent and still make an economical span. It 
has been found in practice that spans 14 ft. to 16 ft. from center to center 
of bents produce the most economic structure for trestles of average 
height. Lifting stirrups are used for handling and are placed so as to 
balance the slab transversely. Auxiliary reinforcment is placed in the 
region of the stirrups to carry the stress that is transferred to the upper 
surface. 

The compact organization of a centralized permanent plant that is 
possible under the factory-made method renders it practical to make up 
large quantities of piles and slabs ready for use when needed. When a 
bridge is up for renewal, the length of piling required can be determined 
either from the record of piling already driven in former structures, with 



due regard for the difference in the sectional area of these piles and con- 
crete piles, or by the use of test piles. The usual procedure in the con- 
struction of a trestle is to send to the site of the work a pile-driver, gen- 
erally of the derrick type, with the piling required. This type of driver 
can be sent either in a work train or in a revenue train, and, having self- 
propelling facilities, can unload pihng. release cars and do the driving 
without requiring a work train to handle it. As it is usually the custom 
to work from the old structure that is to be replaced, this driving can be 
done with the least interference with traffic and without slow orders. 
After the piling is driven, a small masonry gang casts the caps in place. 
When the caps have seasoned sufficiently, the slabs are unloaded and set 
with the derrick. The placing of ballast, the substitution of track ties 
for bridge. ties and the clearing up of the site by the derrick complete 
the entire construction of the bridge. By comparing this method with 
the handhng of large quantities of raw material, labor, camp equipment, 
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construction equipment and changes in the old structure, or the construc- 
tion of falsework and the maintaining of slow orders, with the resulting 
delay to traffic, it can be readily seen that from a railway point of view 
the factory-made method as applied in this case permits the construction 
of a fireproof trestle of maximum permanency and ultimate economy. 

Culvert Pipe 

All railway officials owe a great debt of gratitude to Mr. Cartlidge, 
not only because of the concrete pile trestle, but also, and to a greater 
degree, because of the adaf)tation of reinforced-concrete pipe to railway 
requirements. In 1906, Mr. Cartlidge was confronted with the necessity 
of replacing many of the original wooden box culverts on the C. B. & 
Q. R. R. After making a considerable study of the materials available 
and their relative cost, he decided on the factory-made concrete pipe. In 
casting about for a design which would be economical and safe as well 
as distinctive he came across the method of reinforcement which provides 
for a single line placed in the region of tension throughout the pipe. In- 
stead of distorting the reinforcing cage to place it in the region of 
tension — which is necessary when using this system in a circular pipe — 
Mr. Cartlidge left it in repose and changed the contour of the pipe sec- 
tion by inserting, between the upper and lower semi-circles of a circu- 
lar pipe, tangent distances equal to the thickness of the walls of the pipe. 
This enabled the reinforcement to take the desired position and still be 
in repose as a circle. In casting the pipe, the ends of the long diameter 
were marked " Top " indicating that the long diameter was to be placed 
vertically — t|;ie position of maximum strength. This unique design not 
only produced a pipe of adequate strength and increased flow area, but 
also afforded an opportunity of proper inspection during and after in- 
stallation. 

In 1907, Prof. A. N. Talbot, of the University of Illinois, made a 
series of tests on the Cartlidge design of concrete pipe, as well as on cast- 
iron pipe and other forms of concrete pipe, the results of which were 
published in Bulletin No. 22 of the University of Illinois. The publication 
of this report cleared away any uncertainty which existed in the minds 
of engineers as to the ability of a properly designed and manufactured 
concrete pipe to successfully carry railway loads and gave the industry 
the desired impetus. 

Since 1906 other designs of concrete pipe have been developed and 
used on railways. The most common of these is the circular pipe rein- 
forced either with a single line all in the region of tension or two con- 
centric lines. To take care of conditions where a pipe of minimum head- 
room with adequate area of flow is required, a flat base pipe has been 
designed, the upper section of which is a semi-circle and the invert a 
curved surface of large radius. This section has the necessary strength, 
requires practically no foundation under it, and provides a good flow. A 
design of triangular section has also been developed and used to some ex- 
tent for low headroom conditions. While this pipe has considerable 
strength, and requires a small amount of reinforcement, it is very heavy 
on account of the thickness of the walls and has a small flow area. 

In designing a culvert pipe, due consideration should be given, on 
account of handling, to the weight per section by properly proportioning 
and placing the steel in relation to the thickness of the wall. A culvert 
pipe should have sufficient strength to carry the usual railway loads with 
a generous factor of safety so that when subjected to unusual or sudden 
loads it has the ability to resist. Experience has shown that a concrete 
culvert pipe should have bell and spigot ends, to give the necessary 
strength and stiffness at the joint to hold the culvert to grade and it 
should also be of such a length that it can be loaded, unloaded and in- 
stalled economically. 
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Grade Elimination 

G. E. Tebbetts, Bridge Engineer of the Kansas City Terminal, has 
worked out a very interesting type of factory-made concrete in connec- 
tion with the numerous subways and highway bridges that were con- 
structed in Kansas City during the past few years. At first, the abut- 
ments, pier foundations, piers and girders were' cast in place, using slabs 
built under the factory-made system. It was then considered feasib-e to 
make the girders as units and install them later. A further development 
included the columns. It is therefore possible to see, in Kansas City, 
subways showing the gradual development of the factory-made concrete 
until now only the abutments and pier foundations are cast in place. 

This type of construction has reduced to a very noticeable degree the 
interference with both railway and street traffic, the time of construction 
and the ultimate economy of the entire work, to say nothing of obtaining 
all the advantages of factory-made concrete that have been discussed 
elsewhere in this paper. The possibility of inspecting each unit of a 
structure before it goes into service, with the minimum interference of 
traffic during erection, has made this type of construction very attractive 
to railway engineers. 

Where streets cross over railways, this same type of unit construction 
can be used. A design for this particular purpose has been worked out 
very effectively by A. B. Cohen, Concrete Engineer of the Delaware, 
Lackawanna & Western Railroad. It is especially eflFective where the 
decks of bridges having stone or concrete abutments in good condition 
require renewal. The use of factory-made beams, girders and hand rails 
has reduced the field work to ar matter of a few hours. Where new foun- 
dations for columns or new abutments are necessary, they can be installed 
without interfering with railway or highway traffic, and the columns, gird- 
ers and slabs can be set in place by work trains in a surprisingly short 
time. 

Houses 

Railway systems require many small houses that should be fireproof, 
ratproof, portable, sanitary and reasonably safe against malicious damage. 
The various types used include' telephone booths at passing sidings, 
watchmen's houses at grade crossings, block stations, oil houses, houses 
for torpedoes and fuses, outhouses, pump houses, scale houses, motor-car 
houses, transformer houses and cable-test houses. The factory-made 
product has fulfilled all of the above requirements at a reasonable cost. 
With the increased use of the factory-made product, it has been possible 
to standardize many of the types, justifying the expense of steel forms, 
the use of which has produced accuracy and economical production. To- 
day, the only limitation of the size of houses that can be made in the 
factory is determined by railway clearances. Particular attention has 
been given in the design of these houses to permit handling by derricks 
or by skids. Usually, the roof and its connection to the side walls are so 
reinforced that a timber under the ridge pole or at the base of the roof 
fastened to a line through the ventilator or chimney hole will permit 
handling with a derrick. In most cases the matter of foundation can be 
taken care of with a bed of cinders or gravel. Where it is necessary to 
install heavier foundations, particularly where the ground is soft, or to 
make up for the inequality in the level of the ground surface, as on the 
sides of embankments, pedestals can be installed at small expense. 

Manholes 

The construction of underground conduit work by the telephone, tele- 
graph and signal departments of railways has in many cases been ma- 
terially benefited by the use of portable concrete manholes. Instead of 
building expensive brick and concrete work in place, which must be pro- 
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tected from the vibration of passing trains in order to season properly, ii 
is possible to place the factory- made product with a derrick in hole; 
which are prepared just in advance of the installation. This reduces to ; 




minimum the time necessary to keep excavations adjacent to the track 
open, and consequently slow orders. The use of the factory-made man- 
hole has produced not only a permanent, waterproof structure, but it 
has also materially reduced the cost. 
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Battery Boxes and Wells 

The high cost of metal with its tendency to corrode, and the short life 
and instability of timber, have created a demand for a more stable mater- 
ial for battery boxes, wells and chutes for the signal department of rail- 
ways. The necessity for a receptacle that is waterproof, frost-proof, port- 
able and of permanent construction, which properly protects storage and 
primary batteries, has been completely met by the use of the factory- 
made concrete product, and today this product is a standard on the rail- 
ways of this country. 

Poles 

With the decreasing supply of suitable material for wooden poles for 
telegraph and telephone service, the various railways in the country have 
been casting about for an adequate substitute. A number of short lines 
have been constructed with solid reinforced-concrete poles, within the 
past five years. These, however, have not proven satisfactory on account 
of their weight and cost. Recently, a machine has been developed by 
means of which a hollow concrete pole can be produced by /centrifugal 
methods. With this machine a pole can be made of any desired length 
and taper, and the thickness varied to meet the load conditions. The 
density produced in the concrete by the pressure of this centrifugal force 
is remarkable. A pole thus made has sufficient strength to meet storm 
conditions, is not affected materially by the elements, is light in weight, 
permitting ease in handling, has a pleasing appearance, and is low in hrst 
cost. In addition to the requirements for telegraph and telephone service, 
these poles can be used on railways for station lighting and signals of all 
types. 

Miscellaneous Products 

In the foregoing, an attempt has been made to show the application 
of those concrete products in general use. Other products in concrete 
have been used as substitutes for timber, cast iron and steel, such as posts 
for right-of-way fences, hand rails for viaducts and retaining walls, pipe- 
carrier foundations for interlocking plants, warning signs, smoke jacks 
for engine houses, boot tanks for grain elevators, cribbing and crossing 
planks. 

Where the Products Are Made 

The first plants for the manufacture of concrete products for railways 
consisted of a siding, a derrick within range of the siding, a platform 
around the derrick on which to set up the forms, a mixer within the radius 
of the derrick so that it could fill the forms, an industrial track on which 
was operated a car to transport the green product to the adjacent season- 
ing yard, a cement house, and cage shed. No attempt was made to oper- 
ate these early plants during the winter, the plan being to manufacture as 
much product during the warm and fair weather as possible and shut 
down for the winter. The output of such a plant was further limited to 
the speed of the derrick which was used to unload raw material, set up 
and strip the forms, pour the concrete into them, and load the finished 
product. 

As the demand for the factory-made product increased, it was found 
necessary to operate part of the winter, at least, on days when the weather 
was favorable. For the manufacture of pipe this was made possible by 
the introduction of small steam rooms within the radius of the derrick. 
These rooms were large enough to hold a number of pipes and had re- 
movable roofs so arranged that they could be handled easily with the der- 
rick. It was customary to build these houses in groups of three, so that 
only one at a time was open each day for casting, while the other two 
contained pipe seasoning under steam. In the case of battery wells, boxes 
and houses, a separate building was erected for their manufacture. This 
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was usually'a one-story structure, with a concrete floor and some mean: 
of heating. As these products can be handled with a large horse oi 
wheels, this building was placed beyond the range of the derrick but nea: 
enough so that the finished product when wheeled outside the building 
could be loaded out by the derrick. 
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gravel, filled with a derrick and clam-sheli bucket. The mixer is also 
elevated and is placed directly under the gates of the hopper so that the 
operator can control the flow of sand and gravel easily and quickly. The 
house is equipped with a number of parallel tracks with two transfers^ — - 
one in the rear and one directly in front of the mixer. The forms are set 
up on platform cars vrhich are pushed up to the mixer, filled, and then 
pushed down another track to the steam room. In the middle of the 
house is a stripping tower equipped with electric hoists and chain blocks 
for stripping and setting up the forms. In the rear of the plant is a der- 
rick for removing the pipe from the cars to the seasoning yard. The ce- 
ment storage room and the cage room are located inside the main build' 
ing. Such a plant can run 24 hours a day throughout the year and has a 
large production. 

In addition to the pipe house, a modern plant has a building for the 



manufacture of wells, boxes, manholes, houses, posts and smaller prod- 
ucts. It also has a pile yard for the manufacture of concrete piles and 
slabs, which is usually a level strip of ground adjacent to a piece of 
straight side track. The equipment necessary for manufacture of piles 
and slabs consists of a mixing plant, forms — preferably of steel, founda- 
tion timbers and pallets to support the forms and a locomotive crane for 
setting forms, casting, and loading the seasoned piles and slabs. For 
the manufacture of the hollow concrete poles a separate building is re- 
quired with a mixing plant and an overhead crane for handling the raw 
material and the finished product. From the foregoing it is seen that the 
present tendency in plant construction is to obtain uninterrupted produc- 
tion and protect the product and the labor from the elements which re- 
sults in more and better product. 

In conclusion, the foregoing may be summed up as follows: With the 
use of the factory-made reinforced-concrete products, the uncertainties of 
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other methods of construction can be eliminated and the amount of labor, 
equipment and transportation greatly reduced. The delays due to weather 

conditions, dependency on migratory labor and the necessity of main- 
taining traffic, regardless of construction economies, are largely elimin- 
ated. The centralized and thoroughly trained organization of the factory 
permits a thoroughness of inspection during all stages of production that 
prevents, as far as possible, a failure after installation. The work in the 
factory can progress continuously without regard to climatic or other 
conditions, making it possible to carry a stock of finished, seasoned prod- 
uct at all times. By taking the finished product from stock, a definite 
program for installation can be arranged and carried out. The thorough- 
ness of workmanship that is possible in the factory results in a quality of 
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concrete that can be depended upon to meet designing requirements with 
a maximum degree of certainty. The great density of concrete, when 
properly proportioned, mixed and thoroughly seasoned, such as produced 
under factory methods, permits the use of higher stresses than ordinarily 
assumed. 

It is often necessary to use large factors of safety or low stresses to 
guard against the possibility of poor concrete in certain classes of field 
work, due to the prevalent use of local material, an unreliable supply of 
water as regards its purity and the inability to maintain thorough in- 
spection. These conditions of course do not hold true on field work in 
general, but they can be eliminated more completely by the factory sys- 
tem than by any other. The high grade of concrete obtained by the fac- 
tory methods justifies the use of a higher percentage of reinforcement 
with a result that sectional areas can be greatly reduced. Experience has 
shown that it is economically feasible to eliminate cast iron, steel, timber 
and other material subject to deterioration from many construction pro- 
jects where formerly these materials were considered indispensable. 

Today the use of the concrete product in preference to these other 
materials is of most importance in that the ingredients of the concrete 
product and the labor necessary to produce it do not interfere with the 
production of war materials. 
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Note : This Association received the title — ^American Railway 
Bridge and Building Association — at the 18th annual convention at 
Washington, D. C, October, 1908. Prior to that time it was called 
— Association of Railway Superintendents of Bridges and Buildings. 
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ARTICLE I. 

NAME. 



Section 1. This association shall be known as the American Railway 
Bridge & Building Association. 

ARTICLE II. 

OBJECT. 

Section 1. The object of this association shall be the advancement of 
knowledge pertaining to the design, construction and maintenance of rail- 
way bridges, buildings and other structures, by investigation, reports and 
discussions, providing a medium for the exchange of ideas to the end that 
bridge and building practice may be systematized and improved. 

Section 2. The association shall neither indorse nor recommend any 
particular devices, trade marks or materials, nor will it be responsible for 
any opinions expressed in papers, reports or discussions unless the same 
have received the endorsement of the association in regular session. 

ARTICLE III. 

MEMBERSHIP. 

Section 1. ^ The membership of this association shall be divided into 
two classes — active and life members. 

Section 2. To be eligible for active membership, a person must be 
actively employed in railway service in responsible charge of the design, 
construction or maintenance of railway bridges, buildings or other struc- 
tures; a professor of engineering in a college or university of recognized 
standing; an engineering editor, or a government or private timber expert. 

Section 3. To be eligible for life membership a person must have been 
a member of the association for at least five years and in general must have 
retired from active railway service. The association, however, may waive 
the latter condition by a majority vote of the members at a regular session 
for good and sufficient reasons. A life member shall have all the privileges 
of active membership and shall not be required to pay annual dues. 

Section 4. Any member guilty of conduct unbecoming a railroad officer 
and a member of this association, or who shall refuse to comply with the 
rules of this association, may forfeit his membership on a two-thirds 
vote of the members present at any regular session of the association. 

Section S. Membership shall continue until written resignation is re- 
ceived by the secretary, unless member has been previously expelled, or 
dropped for non-payment of dues in accordance with Section 1 of Article 
VII. 

• Revised October, 1914. Amended October, 1916. 
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ARTICLE IV. 

OFFICERS. 

Section 1. The officers of this association shall be a president, four 
vice-presidents, a secretary-treasurer and six executive members, all of 
whom shall constitute the executive committee. 

Section 2. The past presidents of this association who continue to be 
members shall be entitled to be .present at all meetings of the executive com- 
mittee, of which meetings they shall receive due notice, and be permitted to 
discuss^ all questions and to aid said committee by their advice and counsel ; 
but said past presidents shall not have a right to vote, nor shall their presence 
be requisite in order to constitute a quorum. 

Section 3. Vacancies in any office for the unexpired term shall be 
filled by the executive committee without delay. 

ARTICLE V. 

executive commiitee. 

Section L The executive committee shall exercise a general supervision 
over the financial interests of the association, assess the amount of annual 
and other dues, call, prepare for and conduct general or special meetings and 
make all necessary purchases and contracts required to conduct the general 
business of the association, but shall not have the power to render the as- 
sociation liable for any debt beyond the amount then in the treasury not 
subject to other prior liabilities. All appropriations for special purposes 
must be acted upon at a regular meeting of the association. 

Section 2. Two-thirds of the members of the executive committee may 
call special meetings, thirty days' notice being given members by mail. 

Section 3. Five members of the executive committee shall constitute a 
quorum for the transaction of business. 



ARTICLE VI. 

election of officers and tenure of office. 

Section 1. Except as otherwise provided the officers shall be elected at 
the regular annual meeting of the association which convenes on the third 
Tuesday in October, and the election shall not be postponed except by unani- 
mous consent of the members present at said annual meeting. The election 
shall be by ballot, a majority of the votes cast being required for election. . 
Any active member of the association not in arrears for dues shall be 
eligible for office, but the president shall not be eligible for reelection. 

Section 2. The president, four vice-presidents and secretary-treas- 
urer shall hold office for one year and the executive members for two 
years, three being elected each year. All officers will retain their offices 
until their successors are elected and installed. 

Section 3. The term of office of the secretary-treasurer may be 
terminated at any time by a two-thirds vote of the executive committee. 
His compensation shall be fixed by a majority vote of the executive 
committee. The secretary-treasurer shall also serve as secretary of the 
executive committee. 

Section 4. The secretary-treasurer shall be required to give bond in 
an amount to be fixed by the majority of the executive committee. 
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ARTICLE VII. 

ANNUAL DUES. 

Section 1. Every member upon joining the association shall pay to the 
secretary-treasurer three dollars membership fee and two dollars per 
year in advance for annual dues. No member one year in arrears for dues 
shall be entitled to vote at any election, and any member more than 
one year in arrears shall be stricken from the list of members at the 
discretion of the executive committee. . 

ARTICLE VIIL 

amendments. 

Section 1. This constitution may be amended at any regular meeting 
by a two-thirds vote of the members present, provided that notice of 
the proposed amendment or amendments has been sent to the members 
at least sixty days previous to said regular meeting. 



BY-LAWS* 



TIME OF MEETING. 

1. The regular meeting of this association shall convene annually on 
the third Tuesday in October at 10 a. m. 

PLACE OF MEETING. 

2. Places of holding the next annual convention may be proposed at 
any regular session of the association. All the places proposed shall be sub- 
mitted to a ballot vote of the members present at the annual business session 
and the place receiving a majority of all votes cast shall be declared the lo- 
cation of the next annual meeting. If no place receives a majority of -the 
votes cast, the place receiving the lowest number of votes shall be dropped 
on each subsequent ballot until a place is chosen. 

3. It shall lie within the power of the executive committee to change 
the location of the meeting place if it becomes apparent that it is for the 
best interests of the association. 

QUORUM. 

4. At the regular meeting of the association, fifteen or more mem- 
bers shall constitute a quorum. 

DUTIES OF OFFICFJIS. 

5. The president shall have general supervision over the affairs of 
the association. He shall preside at all meetings of the association and of 
the executive committee; shall appoint all committees not otherwise pro- 
vided for, and shall be ex-officio member of all committees. He shall, 

* Revised October, 1914. Amended October. 1915. 
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with the secretary-treasurer, sign all contracts or other written obliga- 
tions of the association which have been approved by the executive 
committee. At the annual meetting the president shall present a report 
containing a statement of the general condition of the association. 

6. The vice-presidents in order of seniority shall preside at meetings 
in the absence of the president and discharge his duties in case of a va- 
cancy in his office. 

7. It shall be the duty of the secretary-treasurer to keep a correct 
record of proceedings of all meetings of this association; to keep correct 
all accounts between this association and its members; to collect all 
moneys due the association, and deposit the same in the name of the 
association. He shall invest all funds not needed for current disburse- 
ments as shall be ordered by the executive committee. He shall pay all 
bills, when properly certified and approved by the president, and make 
such reports as ma/ be called for by the executive committee. He shall 
also perform such other duties as the association may require. 

NOMINATING COMMITTEE. 

8. After each annual meeting the president shall appoint a committee 
of five members, not officers of the association, of whom two at least shall be 
past presidents, and two of whom shall have served on the committee the 
previous year, which shall prepare a list of names of nominees for of- 
ficers to be voted on at the next annual convention, in accordance with 
Article VI of the constitution, said list to be read at the first session of 
the second day of said convention. Nothing in this section shall be con- . 
strued to prevent any member making further nominations. 

AUDITING COMMITTEE. 

9. At the first session of each annual meeting the president shall ap- 
point a committee of three members, not officers of the association, whose 
duty it shall be to examine the accounts and vouchers of the secretary- 
treasurer and certify as to the correctness of his accounts. Acceptance 
of this committee's report will be regarded as the discharge of the com- 
mittee. 

COMMITTEE ON SUBJECTS FOR DISCUSSION. 

10. After the annual meeting the president shall appoint a committee 
whose duty it shall be to prepare a list of subjects for investigation to be 
submitted for approval at the next convention. 

a)MMITTEES ON INVESTIGATION. 

11. After the association has adopted the list of subjects for investi- 
gation the president for the succeeding year shall appoint the committees 
who shall prepare the subjects for report and discussion. He may also ap- 
point individual members to prepare reports on special subjects, or to report 
on any special or particular subject 

PUBLICATION COMMITTEE. 

12. After each annual meeting the executive committee shall appoint a 
publication committee consisting of three active members whose duty it shall 
be to cooperate with the secretary in the issuing of the publications of the 
association. The assignment of this committee shall be such that at least 
one member shall have served on the committee during the previous year. 
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ORDER OF BUSINESS. 

13. 1st — Registration of members. 

2nd — Reading minutes of the last meeting. 

3rd — Admission of new members. 

4th — President's address. 

5th — Report of secretary-treasurer. 

6th — Payment of annual dues. 

7th — ^Appointment of special committees. 

8th — Reports of standing committees. 

9th — Unfinished business. 
10th — New business. 
11th — Election of officers and selection of place for holding next 

annual meeting. 
12th — Installation of officers. 
13th — Adj ournment. 

(Report of nominating committee to be read at first session of second 
day — Section 9 of By-Laws.) 

DECISIONS. 

14. The votes of a majority of the members present shall decide an> 
question, motion or resolution which shall be brought before the association, 
unless otherwise provided. 

DISCUSSIONS. 

15. All discussions shall be governed by Robert's rules of order. 



DIRECTORY OF MEMBERS 



Aagaard, P., Chief Inspector, I. C. R. R., Chicago. 

Ailcs, N. C, Asst Val. Engr., D. & H. Co., Albany, N. Y. 

Ainnet, E. S., For. Ptr., O. S. L. R. R., Salt Lake City. 

Alexander, S. Y., G. F. B. & B., St. L. B. & M. Ry., Kingsville, Tex. 

Alexander, W. E^ Supt. B. and B., B. & A. R. R., Houlton, Me. 

AUard, E, E., For. B. & B., Mo. Pac. Ry., St. Louis. 

Allen, T. H., Supv. B. & B., C. & O. Ry., Hinton, W. Va. 

*Althof, L. W. 

Anderson, August, Gen'l For. B. and B., L. S. & L Ry., Marquette, MicK 

Anderson, L. J., Supv. B. and B., C. & N. W. Ry., Escanaba, Mich. 

Andrews, G. W., Asst. to Eng. M. of W., B. & O. R. R., Baltimore, Md. 

Andrews, T. O., L. E. & W. R. R., Tipton, Ind. 

Archbold, H. L., Div. Engr., Sou. Pac. Co., Tucson, Ariz. 

Arey, R. J., 541 So. Cummings St., Los Angeles, Cal. 

Ashby, E. B., Consulting Engr., L. V. R. R., New York City. 

Ashmore, A. B., Supv. B. & B., M. L. & T. Co., Lafayette, La. 

Ashton, D. H., Asst. Engr., O. S. L. R. R., Pocatello, Idaho. 

Auge, E. J., Chief Carp., C. M. & St. P. Ry., Wells, Minn. 

Austin, C. P., 107 Park St., Medford, Mass. 

Bach, C. F., Supv. B. & B., C. & N. W. Ry.. Belle Plaine, Iowa. 

Bailey, F. W., Supt. M. of W., S. A. & A. P. Ry., Yoakum, Tex. 

Bailey, S. D., 633 Hubbard Ave., Detroit, Mich. 

Bainbridge, C. N., Engr. Design, C. M. & St. P. Ry., Chicago. 

Ball, E. E., Div. Engr., A. T. & S. F. Ry.. Fresno, Cal. 

Ballard, C. F., Carp. For., S. A. L. Ry., Peachland, N. C. 

Baluss, F. C, Engr. B. & B., D. M. & N. Ry., Duluth, Minn. 

* Barber N. N. 

Barger, T. R., For. B. & B., L. & N. W. R. R., Homer, La. 

Barnes, O. P., Div. Engr., Erie R. R., Jersey City, N. J. 

Barrett, E. K., Supvr. B. and B., F. E. C. Ry., St. Augustine, Fla. 

Barrett, J. E., Supt. of Track, B. and B., L. & H. R. Ry., Warwick, N. Y. 

*Barry, E. J. 

Barton, M. M., 311 No. 34th St., Philadelphia, Pa. 

Bates, Onward, Civil Engineer, McCormick Bldg., Chicago. 

Batey, W. A., Supv. B. & B., U. P. R. R., Kansas City, Mo. 

Beal, F.- D., 800 Fife Bldg., San Francisco, Cal. 

Beard, A. H., 705 No. 11th St.. Reading, Pa. 

Beeler, C. L., Asst. Engr., N. Y. N. H. & H. R. R., New Haven, Conn. 

Beeson, R. W., Mast. Carp., C. & S. Ry., Trinidad, Colo. 

Bender, Henry, Supv. B. & B., C. & N. W. Ry., Eagle Grove, la. 

Bennett, D. E., For. B. & B.. Mo. Pac. R. R., DeSoto, Mo. 

Benz, F. A., Div. Engr., B. R. & P. Ry., E. Salamanca, N. Y. 

Berry, J. S., Supt. B. and B., S. L. S. W. Ry., Tyler, Tex. 

Bibb, J. M., Supvr. B. and B., L. & N. R. R.. Birmingham, Ala. 

Bigclow, F. M., Supv. B. & B., L. A. & S. L. R. R., Salt Lake City. 

Bishop, McClcUan, Mast. Carp., C. R. I. & P. Ry., El Reno. Okla 

Bishop, R. R., For. B. and B.. L. A. & S. L. R. R.. Salt Lake City. 

Black, G. W., Supt. McGrath Sand & Gravel Co., Pekin, 111. 

Black, J. D., Supvr. B. and B., P. M. R. R., Saginaw, Mich. 
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Blake, L. M« Supv. B. & B., B. & M. R. R., St. Johnsbury, Vt. 

Blowers, S. H., For. Carp., B. & O. R. R., Columbus, O. 

Bock, J. G., Gen. Br. Insp., C. St. P. M. & O. Ry., St. Paul, Minn. 

Bohland, J. A., Br. Engr., G. N. Ry., St. Paul, Minn. 

Bonner, J. K., Asst. Supvr. B. & B., N. Y. C. R. R., Rochester, N. Y. 

Bourgeois, F. J., Supv. B. & B., N. O. G. N. R. R., Bogalusa, La. 

Bouton, W. S., Engr. of Bridges, B. & O. R. R., Baltimore Md. 

Bowers, Stanton, Bradford, O. 

Bowers, S. C, Mast. Carp, of Brdgs., P. C. C. & St. L. Ry., Steuben ville, O. 

Bowman, R. M., Pur. Agt., Lackawanna Bridge Co., Buffalo, N. Y. 

Boyd, G. E., Div. Engr., D. L. & W. R. R., Buffalo, N. Y. 

Boyer, Grant, Div. For. B. & B., M. C. R. R., Detroit, Mich. 

Brantner, Z. T., Supt. M. of W. Shops, B. & O. R. R., Martinsburg, W. Va. 

Bratten, T. W., Supvr., B. and B., S. P. Co., Oakland Pier, Cal. 

♦Brewer, W. A., Asst. Engr., L C. C, 914 Karpen Bldg., Chicago. 

Bricker, H. R., Inspr. M. of W., B. & O. R. R., Baltimore, Md. 

Briggs, B. A., 1075 LaFayette St., Denver, Colo. 

Brookhart, N. D., Supv. B. & B., O. S. L. R. R., Pocatello, Idaho. 

Brooks, G. E.; Mast. Carp., C. R. I & P. Ry., Rock Island, 111. 

Brown, Alf., B. & B. Inspr., P. E. Ry., Los Angeles, Cal. 

Brown, C. W., Sou. Pac. Co., Mina, Nevada. 

Brown, E. H., Supv. B. &. B., N. P. Ry., Minneapolis, Minn. 

Brown, Thos., Br. Inspr., P. M. R. R., Saginaw, Mich. 

Browne, J. B., Gen*l For. B. and B., K. C C. & S. Ry., Clinton, Mo. 

Browne, J. S., Asst. Engr., N. Y. N. H. & H. R. R., New Haven, Conn. 

Bruce, R. J., Genl. Bldg. Inspr., Mo. Pac. Ry., St. Louis, Mo. 

Buckley, J. E., Supvr. B. & B., B. & M. R. R., Fitchburg, Mass. 

Bulger, Hugh, For. B. & B., Sou. Pac. Co., Oakland Pier, Cal. 

Burckhalter, F. L., Asst. Gen. Mgr., Sou. Pac. Co., Los Angeles, Cal. 

Burgess, W. H., Supvr. B. & B., Sou. Pac. Co., Stockton, Cal. 

Burke, Daniel, Supvr. B. and B., Sou. Pac. Co., Tucson, Ariz. 

Burnett, W. L., For. B. & B., St. L. I. M. & S. Ry., Eudora, Ark. 

Bums, W. E., Asst Eng., S. P. Co., San Francisco (care of G. W, Rear). 

Burpee, Moses, Chief Engr., B. & A. R. R., Houlton, Maine. 

Burrell, F. L., Supv. B. and B., C. & N. W. Ry., Fremont, Neb. 

Busier, T. W., Plumb. For., B. & A. R. R., Pittsfield, Mass. 

Byrd, J. E., Asst. For. B. & B., St. L. I. M. & S. Ry., McGehee, Ark. 

Byrd, W. E., Asst. For. B. & B., St. L. I. M. & S. Ry., McGehee, Ark. 

Caldwell, C. H., For. B. & B., Sou. Pac. Co., E. Bakersfield, Cal. 

Caldwell, J. M., Insp. B. and. B.» C. I. & L. Ry., Lafayette, Ind. 

Caldwell, J. T., For. B. & B., Sou. Pac. Co., Bakersfield, Cal. 

Camp, W. M., Editor, Railway Review, Chicago, 111. 

Candee, Eldridge E., Sup B & B, N Y N H &HRR, New London, Conn. 

Candee, Elliot E., Dist. Br. For., NYNH&HRR, Waterbury, Conn. 

Canty, J. P., Div. Engr., B. & M. R. R., No. Adams, Mass. 

Cardwell, W. M., Mast. Carp., W. T. Co., Washington, D. C. 

Carmichael, Wm., St. J. & G. I. R. R., Marysville, Kans. 

Carpenter, J. T., 619 So. Gibson St., Princeton, Ind. 

Gary, E. L., Richmond, Mo. 

Case, F. M., For. W. S., C. & N. W. Ry., Belle Plaine, la. 

Casev, W. W., For. B. & B., K. C. S. Ry., Texarkana, Texas. 

Catchot, A, J., Supvr. B. & B., L. & N. R. R., Ocean Springs, Mist. 

Cayley, W., Supvr., G. T. Ry., Stratford, Ont. 

Clark, H. W., Supv. B. & B., Mo. Pac. R. R., Atchison, Kans. 

Clark, J. H., M. of W. Clerk, Sou. Pac. Co., Tucson, Ariz. 

Clark, W. A., Chief Engr., D. & I. R. R. R., Duluth. Minn. 

Clopton, A. S., Supvr. B. & B.. M. K. & T. Ry., Oklahoma City, Okla. 

Clothier, E. E., Chief Carp.. C. M. & St. P. Ry., Mobridge, So. Dak. 

♦Coffin, S. P., 1299 Commonwealth Ave., Allston, Mass. 

Colclough, E., Gen. For. B. & B., A. T. & S. F. Ry., Fresno, Cal. 
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Cole^ J, E., Gen'l Inspr., Sou. N. K Ry., Providence, R. I. 
Ceilings, Edwd., Chief Carp., C. M. & St. P. Ry., Perry, Iowa. 
Conn, F. J., Supvr. B. & B., C. N. O. & T. P. Ry., Lexington, Ky. 
Cooper, jl. A^ Roadmaster, T. I. Ry., Gananoque, Ont. 
Copland, A. C, XiXfice Engr., C. & O. Ry., Richmond, Va. 
Copp, J. P., Roberts & SchaeflFer Co., McCormick Bldg., Chicago. 
Corbin, W. S., For. B. and B., Sou. Pac. Co., San Pedro, Cal. 
Corey, S. T., Ch. Dftsman, Br. Dept., C. R. I. & P. Ry., Chicago. 
Cota, G. M., Ch. Clerk, Eng. Dept., C. Vt Ry., St. Albans, Vt. 
Counts, D. E., Supv. B. & B., W. & A. R. R., Dalton, Ga. 
Cowsert, L. A., Supv. W. S., C. N. O. & T. P. Ry., Danville, Ky. 
Crawford, J. A., B. & B. Master, C. N. tf^., Saskatoon, Sask. 
Creeks, J. L., For. B. & B., Sou. Pac. Co., Dunsmuir, Cal. 
Crites, G. S., Div. Engr., B. & O. R. R., Baltimore, Md. 
Cronin, Jno., Supv. B. & B., C. & N. W. Ry., Winona, Minn. 
Crosman, D. M., Asst. Engr., Sou. Pac. Co., Los Angeles, Cal. 
Cullen, F. P., For. B. & B., O. S. L. R. R., Pocatello, Idaho. 
CuUen, J. F., For. B. & B., O. S. L. R. R., Pocatello, Idaho. 
Cummin, Joseph H., Brightwaters, N. Y. 

Cunningham, A. O., Chief Engr., Wabash R. R., St. Louis, Mo. 
Curry, Jno., For. B. & B., Mo. Pac. R. R., McGehee, Ark. 
Curtin, William, Contractor, Govan, Saskatchewan. 

Dale, Chas., For. W. S., I. C. R. R., New Orleans, La. 

Dalstrom, O. F., Bridge Engr., C. & N. W. Ry., Chicago. 

Danes, E. C, Gen. For., Wabash R. R., Peru, Ind. 

Decker, H. H., Contractor, 2915 Ingersoll Ave., Des Moines, la. 

Demars, E. A., G. F. Plumb. & W. S., O. S. L. R. R., Salt Lake City. 

Dcrr, W. L., Supt., C. G. W. R. R., Clarion, Iowa. 

de Ximeno, A., C. C. S. Corp., Obispo 59, altos, Havana, Cuba. 

Dickerson, O. H., Prin. Asst. Engr., D. & I. R. R. R., Dul.uth, Minn. 

Dickson, Geo., For. Brdgs., Sou. Pac. Co.. Oakland. Cal. 

Dickson, G. H., Asst. Engr., B. & B., T. & N. O., Ry., North Bay, Ont 

Dillabough, J. V., Asst. Dist. Engr., C. N. Ry., Edmonton, Alta. 

Dittmar, F. C., Br. For., Sou. Pac. Co., Los Angeles, Cal. 

Dodd, A. M., Supv. B. & B., .C. of Ga. R. R., Macon, Ga. 

Donaldson, C. E., Actg. G. F. B. & B.. C. Vt. R. R., St. Albans, Vt. 

Douglas, L. H., Mast. Carp., B. & O. R. R., Cleveland, O. 

Drake, R. M., M. of W. Asst, Sou. Pac. Co., San Francisco, Cal. 

Draper, F. C, Supt of Bridges, I. C. R. R., Chicago. 

Draper, I. A., Steel Erec. For., O. S. L. R. R., Pocatello, Idaho. 

Drum, H. R., Chief Carp., C. M. & St P. Ry., Mitchell, S. D. 

Duckett, W. E., Asst. Engr., C. M. & St P: Ry., Chamberlain, S. D. 

Dufort, S. E., Supv. B. & B., B. & M. R. R., Concord, N. H. 

Dupree, Jas., Supt B. & B., C. T. H. & S. E. Ry., Chicago. 

Durfee, T. H., Supv. B. and B., C. & N. W. Ry., Huron, S. D. 

Easton, G. A., Gen. Scale Insp., Sou. Pac. Co., West Oakland, Cal. 
Edwards, W. R., Sr. Struct. Engr., I. C. C, Washington, D. C. 
Eggers, C. H., Mast. Carp., C. R. I. & P. Ry., Little Rock, Ark. 
Egglcston, H. H., Supvr. B. & B., C. G. W. R. R.,^ Des Moines, la. 
EflTgleston, W. C, Insp. of Bridges. Erie R. R., Huntington, Ind. 
Elder, W. E., 720 So. 4th St., Burlington, Iowa. 
Elliott, R. C, Supvr. B. and B.. L. & N. R. R., Nashville, Tenn. 
Elwell, H. A-, Supvr. B. & B., C. G. W. Ry., Minneapolis, Minn. 
Eskridge. F. A., Archt., C. & E., I. R. R., Chicago. 
Esping, Chas., Mast. Carp.. B. & O. C. T. R. R.. Chicago. 
Estes, C. P., For. Brdgs., Pac. Elec. Ry., Los Angeles, Cal. 
Ettinger, C, Gen. Ptr. For., I. C. R. R.. Chicago. 
Eubanks, J. E., Br. For., S. A. L. Ry., Yulee, Fla. 
Evans, J. J., Supvr. Signals, P. M. R. R., Saginaw, Mich. 
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Fair, E. W., Supvr. B. & B., B. R. & P. Ry., Du Bois, Pa. 

Fake, C. H. 

Farlow, R. F., Mast. Carp., B. & O. R. R., Tompkinsville, S. I., N. Y. 

Faulkner, L. £., Ch. Engr., Miss. Cent. R. R., Hattiesburg, Miss. 

Fellows, C. W., For. W. S., C & S. Ry., Denver, Cola 

Fcnwick, G. H., Gen. Br. For., M. C. R. R., St. Thomas, Ont. 

Fcrdina, A, H., For. B. & B., St. L. I. M. & S. Ry., St. Louis. 

Ferris, B. F., For. B. and B., Sou. Pac. Co., Los Angeles. 

Findley, A., 929 Wash. Ave.. Portland, Me. 

Fink, Albert, Gen. For. B. &. B., D. L. & W. R. R., Buffalo, N. Y. 

Finley, W. H., President, C. & N. W. Ry., Chicago. 

Fisher, 1. F., Bridge Inspr., Sou. Pac. Co., Sacramento, Cal. 

Fisher. Morris, Supvr. B. & B., Sou. Pac. Co., Ogden, Utah. 

♦Fisk, C. H., Ch. Engr. Const., St. Louis, 5142 Westminster PL, St. Louis. 

♦Fitzgerald, J. M., Roadmaster, C. of Ga. Ry., Macon, Ga. 

Fletcher, J. W., Roadway Supt., Car. & N. W. Ry., Chester, S. C. 

Fletcher, W. H., Room 21, Vauxhall Apt., Nashville, Tenn. 

Flint, C. F., For. B. and B., C. V. R. R., St. Albans, Vt. 

Fljmn, M. J., Supv. B. and B., C. & N. W. Ry., Chicago. 

Fraser, Alex., Supvr. B. & B., Sou. Pac. Co., Bakersfield, Cal. 

Fraser, James, Ch. Engr., N. S. W. Govt. Rys., Sydney, N. S. W. 

Fraser, Neil, Supv. B. & B., Sou. Pac. Co., Dunsmuir, Cal. 

Frazer, H. H., Div. For., Sou. Pac. Co., Dunsmuir, Cal. 

Frazier, W. C, Supvr. B. and B., L. A. & S. L. Ry., Los Angeles. 

Froese, Julius, Gen. For. B. & B., A. T. & S. F. Ry., Lajunta, Colo. 

Fullerton, J. H., Supv. B. & B., B. & M. R. R., Woodsville, N. H. 

Gable, Franklin, For. Carp., P. & R. Ry., Catawissa, Pa. 

Gaby, F. A., Ch. Engr. P. C. of Ont., Toronto, Ont. 

Gagnon, Ed., 408 Bryant Ave., North, Minneapolis, Minn. 

Gardner, E. F., Mast. Carp., Erie R. R., Buffalo, N. Y. 

Gamer, R. D., Engr. Const., S. N. E. Ry., Providence, R. L 

Gaunt, Fred, Ptr. For., O. S. L. R. R., Pocatello. Idaho. 

Gaut, J. B., Supt. B. & B., G. T. Ry., Detroit, Mich. 

♦Gauthicr, A. L, Supvr. B. & B., B. & M. R. R., Concord, N. H. 

Gehr, B. F^ Mast. Carp., P. C. C. & St. L. Ry., Richmond. Ind. 

Gentis, Ira, B. and B. Foreman, Sou. Pac. Co., Oakland, Cal. 

George, W. J., Bay Road, Claremont, W. Australia. 

Gerst, H. A., Asst. Br. Engr., G. N. Ry., St. Paul, Minn. 

♦Gilman, A. F., 1310 Hinman Ave., Evanston, 111. 

Giusto, Peter, For. B. & B.. Sou. Pac. Co., San Francisco. 

Glasgow, J. F., Gen For B & B, C St P M & O Ry, Worthington, Minn. 

Gnadt, C. C, Br. For., Mo. Pac. R. R., Desoto, Mo. 

Goldmark, Henry, Cons. Engr., 103 Park Ave., New York City. 

Goldsmith, E. L., Supt. Const, L. I. R. R., Jamaica, N. Y. 

Golson. W. P., Roadmaster, C. of Ga. Ry.. Macon. Ga. 

Gongoll, O. C, Asst. Supt. B. & B., Soo Line, Minneapolis, Minn. 

Gooch, C. W., 1325 W. 9th St., Des Moines, la. 

Gradt, Chas. Ch. Carp., C. M. & St. P. Ry., Savanna, 111. 

Graham, F. N., Asst. Engr., D. M. & N. Ry., Duluth, Minn. 

Graham, Wm., C. E., 3027 Windsor Ave., Baltimore, Md. 

Gratto, James. Supvr. B. & B., S. P. Co., Los Angeles, Cal. 

Graves, Lon, For. B. & B., St. L. I. M. & S. Ry., Dermott, Ark. 

Green, C. F., Supvr. B. and B., Sou. Pac. Co., Sacramento, Cal. 

Green, E. H. R., Pres.. Texas Midland R. R.. Terrell, Tex. 

Green, Z. A., Pilot. Fed. Val., G. C. & S. F. Ry., Galveston, Tex. 

Greiner, J. E., Civil Engineer, 605 Continental Bldg., Baltimore, Md. 

Griffith, F. M., Supvr. B. and B., C. & O. Ry., Covington, Ky. 

Griffith, W. J., Mas. For., B. & A. R. R.. Pittsfield, Mass. 

Grover, J. H., Gen. For. W. S., A. T. & S. F. Ry., Needles, Cal. 

Guild, Edward, Supv. B. & B., P. M. R. R., Grand Ledge, Mich. 
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Guire, W. A., For. B. & B., St. L. I. M. & S. Ry., Lake Providence, La. 
*Gupp7, B. W.y Engr. Structures, B. & M. R. R., Boston, Mass. 

Haag, Orin, Carp. For., B. & O. R. R., Garrett, Ind. 

Hadwen, L. D., Engr. Masy. Const, C. M. & St. P. Ry., Chicago, 111. 

Haley, W. S., Res. Engr., N. Y. C. R. R., Toledo, O. 

Hall, N. L., Roadmaster, Sou. Ry., Winston-Salem, N. C. 

Hall, Thomas, Asst Supt. Bldgs., M. C. R. R., Jackson, Mich. 

Hampton, H. A., Asst. Div. Engr., Sou. Pac. Co., Portland, Oregon. 

Hancock, John, Asst. Engr., N. Y. C. R. R., Crown Bldg., Cleveland, O. 

Hand, Geo. W., Valuation Engr., C. & N. W. Ry., Chicago. 

Hanks, G. E., 814 No. Wash. Ave., Saginaw, M^ich. 

Hansen, Robt., Carp. For., Sou. Pac. Co., West Oakland, Cal. 

Hansen, Rupert, 517 Redondo Ave., Salt Lake City, Utah. 

Hargrove, J. C, For. B. & B., St. L. I. M. & S. Ry., McGehee, Ark. 

Harlow, A. W., Mast. Carp., Erie R. R., Huntington, Ind. 

Harman, H. H., Engr. of Brs., B. & L. E. R. R., Greenville, Pa. 

Harman, Wm. C, Br. Inspr., Sou. Pac. Co., Bakersfield, Cal. 

Harris, W. B., Supv. of Track, M. & O. R. R., Corinth, Miss. 

Harrison, Chas., Gen. For., B. & B., M. V. Ry., Excelsior, Ark. 

*Harshbarger, C. A., Asst. Br. For., O. S. L. Ry., Ontario, Ore. 

Hartley, James, Supvr. B. and B., N. P. Ry., Staples, Minn. 

Hartwell, J. R., Supv. B. & B., P. R. C. & N. W. Ry., Pierre, S. D. 

Harvey, E. H., Foundation Shipbuilding Co., Portland, Ore. 

Harvey, T. J., Bridge Insp., B. & A. R. R., Pittsfield, Mass. 

Hausgen, W., Supvr. B. and B., M. P. Ry., Sedalia, Mo. 

Hawk, A. T., Archt, C. R. L & P. Ry., Chicago. 

Hawkins, E. P., Genl. R. M., St. L. L M. & S. Ry., McGehee, Ark. 

Hayes, J. L., Div. Engr., C. R. I. & P. Ry., Rock Island, 111. 

Heiszenbuttel, H., Supv. B. & B., C. & N. W. Ry., Norfolk, Neb. 

Henderson, J., Foreman B. and B., G. T. Ry., St. Thomas, Ont. 

Henderson, R. C, Mast. Carp., C. H. & D. Ry., Dayton, O. 

Herrig, C, For. W. S., C. & N. W. Ry., Wall Lake, Iowa. 

Higgins, H. K., Cons. Engr., 209 McBride St., Jackson, Mich. 

Hill, H. R., Asst. Supvr. B. & B., L. & N. R. R., Birmingham, Ala. 

HiUman, F. W., Div. Engr., C. & N. W. Ry., Madison, Wis. 

Hinchee, J. M., For. B. & B., Sou. Pac. Co., Los Angeles, Cal. 

Hitesman, U. S., Gen. For., N. Y. C. R.*R., New York City. 

Hodges, F. J., C. C, M. C. R. R., Jackson, Mich. 

Hodges, H. P., Asst. Engr. W. S., N. C. & St. L. Ry., Nashville, Tenn. 

Hofecker, Peter, Supvr. B. and B., L. V. R. R., Auburn, N. Y. 

Ho£Fman, Geo. M., For. Ptr., P. & R. Ry., Shamokin, Pa. 

Holcomb, J. W., Supvr. B. & B., L. V. R. R., Buffalo, N. Y. 

Holdridge, H. D., Supvr. B. and B., Y. & M. V. R. R., Vicksburg, Miss. 

Hopke, W. T., Mast. Carp., B. & O. R. R., Grafton, W. Va. 

Homing, H. A., Supt. of Bldgs., M. C. R. R., Jackson. Mich. 

Hotson, Wm. B., Supt. B. & B., E. J. & E. Ry., Joliet, 111. 

Howson, E. T., Eng. Editor, Railway Age Gazette, Chicago, III. 

Hubbard, A. B., 32 Banks St., West Somerville, Mass. 

Hudson, B.-M., Supt T. & B. V. Ry., Teague, Tex. 

Hull, K. S., Genl. Supt., G. C. & S. F. Ry., Galveston, Tex. 

Humbert, A. T., Mast. Carp., B. & O. R. R., New Castle Jet, Pa. 

Hume, E. S., Deputy Com'r., W. A. Govt. Rys., Perth, W. Australia. 

Huncikcr, John, For. Bridare Erection, C. & N. W. Ry., Chicago. 

Huntoon, J. S., Asst Br. Engr., M. C. R. R., Detroit, Mich. 

Hunt, Wdter, Inspector, C. B. & Q. Ry., Chicago, 111. 

Hutchens, J. A., Bridge Insp., Sou. Pac. Co., Ogden, Utah. 

Ingalls, F., Supvr. B. and B., N. P. Ry.. Jamestown, N. D. 
Ingram, Floyd, Supvr. B. and B., L. & N. R. R., Erin, Tenn. 
Innes, J., Gen. For., G. T. Ry., Hamilton, Ont 
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Irving, T. J., Asst. Engr., C. & N. W. Ry., Boone, Iowa. 
Irwin, J. W., Supv. B. & B., C. & N. W. Ry., Chadron, Neb. 
Isaacs, Jno. D., Consulting Engr., Sou. Pac. Co., New York City. 

Jack, H. Si., 519 W. Kolstad St., Palestine, Tex. 

Jackson, E. A., For. B. & B., St. L. I. M. & S. Ry., McGehee, Ark. 

Jackson, W. J., Div. Engr., C. & N. W. Ry., Winona, Minn. 

James, A. J., Gen. For. B. & B., A. T. & S. F. Ry., Topeka, Kans. 

James, Harry, Gen'l For. B. and B.. C. & S. Ry., Denver, Col. 

James, R. E., Supv. B. & B., L. V. R. R., Sayre, Pa. 

James, Wm., Carp. For., III. Cent. R. R., New Orleans, La. 

Jennings, Geo. H., Mgr. Powers-Thompson Const. Co., Joliet, 111. 

Jensen, C. A., For. B. & B., Sou. Pac* Co., Los Angeles, Cal. 

Jewell, J. O., Supt B. and B., C. T. H. & S. E. Ry., Terre Haute, Ind 

Johnson, C. H., For. B. & B., P. M. R. R., Reese, Mich. 

Johnson, Maro, Asst. Engr., I. C. R. R., Chicago. 

Johnson, Nels, Supv. B. & B., C. G. W. R. R., St. Charles, 111. 

Johnson, Phelps, Pres. St. Lawrence Bridge Co., Montreal, Que. 

Johnston, C. E., Genl. Mgr., K. C. Sou. Ry., Kansas City, Mo. 
ohnston, J. H., Supt. B. & B., G. T. Ry., Montreal, Que. 
*Jonah, F. G. 

Jonas, H. F., Engr. Struct., S. P. Lines, Tex. & La., Houston, Tex 
Jones, L. E.,.^sst. Engr., N. O. & N. E. R. R., New Orleans, La. 
Jones Pusey, Act. Engr. Strs., B & M. R. R., Boston, Mass. 
Joslin, Judson, Genl. For. B. & B., L. V. R. R., Auburn, N. Y. 
Jutton, Lee, Div. Engr., C. & N. W. Ry., Chicago, 111. 

Keefe, D. A., Consulting Engr., Athens, Pa. 

Keith, H. C, Consulting Engineer, 13 Park Row, New York City. 

Kelly, C. W., Peoples Gas Building, Chicago. 

Kelly, J. A., Asst. Supv. B. & B., O. S. L. R. R., Pocatello, Idaho, 

Kemp, A. E., For. B. & B.. L. V. R. R., Hazleton, Pa. 

Kendall, R., Mast. Carp., C. & W. I. R. R., Chicago. (83rd & Vine.) 

♦Kibbey, G. S., Asst Engr., M. & St. L. R. R., Minneapolis, Minn. 

Killam, A. E., 84 Highfield St., Moncton. N. B. 

King, A. H., Supvr. B. and B., O. S. L. R. R., Pocatello, Idaho. 

Kmg. C. F., Div. Engr., C. & N. W. Ry., Omaha, Neb. 

King, F. E., Dist. Carp., C. M. & St. P. Ry., Chicago. 

King, T. H., Supv. B. & B., L. & N. R. R., Knoxville, Tenn. 

Kinzie, H. H., Supvr. B. and B., N. Y. N. H. & H. R. R., Taunton, Mass 

Klumpp, G. J., Supvr. Bridges, N. Y. C. R. R., Rochester, N. Y. 

Knapp, F. A., Mast. Carp., Erie R, R., Jersey City, N. J. 

♦Knapp, G. A., Office Engr., G. C. & S. F. Ry., Galveston, Tex. 

Knowles, C. R., Supt. Water Service, I. C. R. R., Chicago. 

Krausch, W. T., Engr. Bldgs., C. B. & Q. R. R., Chicago, 111. 

Kulp, B. R., Trainmaster, C. & N. W. Ry., Antigo, Wis. 

Kurokochi, S., Engineer, Imperial Govt. Rys., Tokyo, Japan. 

Lacy, J. D., Insp., S. A. & A. P. Ry., 1410 Calhoun St., Houston, Tex. 

Lacy, W. J., For. B. & B., St. L. T. M. & S. Ry.. Poplar Bluff, Mo. 

La Fountain, N. H., Asst. Supt. of B. and B., C. M. & St. P. Ry., Chicago 

Land, G. W.. Supvr. B. and B.. St. L. I. M. & S. Ry., McGehee, Ark. 

Large, H. M., Mast. Carp., G. R. & I. Ry., Fort Wayne, Ind. 

Larsen, A. 

Larson, John, Room 740, Transportation Bldg., Chicago. 

Lattin, W. V., Supv. B. & B., N. Y. N. H. & H. R. R., Hartford, Conn 

Lawrence, P. P., Asst. Supvr. B. & B.. L. E. & W. R. R., Tipton, Ind. 

Layfield, E. N., C. E., 61 Broadway, N. Y. 

Leach, W. A., 179 Oak St., Holyoke, Mass. 

Leake, T. S., Contractor, 6433 Kenwood Ave., Chicago, 
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Leavitt, F. J., Div. For. B. and B., B. & M. R. R., Sanbornville, N. H. 

Lee, Frank, Engr. M. of W., C. P. R., Montreal, Que. 

Lemond, J. S., Asst. to Ch. Engr. M. of W. & S., Sou. Ry., Charlotte, N. C. 

Lentz, C. W., Genl. Bridge Insp., I. C. R. R., Memphis, Tenn. 

Leonard, H. R., Engr. B. and B., P. R. R., Philadelphia, Pa. 

Leslie, Andrew, Div. For., M. C. R. R., St. Thomas, Ont. 

Lewis, E. R., Asst. to G. M., D. S. S. & A. Ry., Duluth, Minn. 

Lichty, C. A., Gen'l Insp., C. & N. W. Ry., Chicago. 

Little, C. A., Div. For. B. & B., B. & A. R. R., Concord, N. H. 

Little, J. W., Asst. Supvr., B. & B., L. & N. R- R., Birmingham, Ala. 

Littiefield, E. C, Ch. Clk., N. Y. N. H. & H. R. R., New Haven, Conn. 

Lloyd, F. F., C. E., Petaluma, Cal. 

Lodge, Harry, For. B. & B., Sou. Pac. Co., (care of G. W. Rear). 

Loeffler, M., Supv. Brs., L. I. R. R., Jamaica, N. Y. 

Loftin, E. L., Roadmaster, Q. & C. Ry., Vicksburg, Miss. 

Long, M. A., As&t. to Ch. Engr., B. & O. R. R., Baltimore, Md. 

Lorch, J. A„ Asst. Engr., C. & N. W. Ry., Chicago. 

Loughery, E., Gen'l For. B. & B., T, & P. Ry., Dallas, Tex. 

Loughnane, George, Div. Engr., C. & N. W. Ry., Escanaba, Mich. 

Loweth, C. F., Ch. Engr., C. M. & St. P. Ry., Chicago. 

♦Lutken, P. K., Gen. For. B. & B., N. O. M. & C. R. R., Laurel, Miss. 

Lydston, W. A., 105 Norfolk Ave., Swampscott, Mass. 

Lyman, C. R., For. Brgs., C. Vt. Ry., Waterbury, Vt. 

Mace, B. S., Supt. of Insurance, B. & O. R. R., Baltimore, Md. 
Mackenzie, W. B., Civil Engineer, Moncton, N. B. 
Macy, E. C., Mgr. Trans. & Stores, Hog Island, Pa. 
Manley, B. F., Gen. For. B. & B., Pac. Elec. Ry., Los Angeles, Cal. 
Mann, J. M., G. F. B. & B., F. W. & D. C. Ry., Childress, Tex. 
Manson, E. F., Mast. Carp., C. R. I. & P. Ry., Manly, Iowa. 
Manthey, G. A., Supt. B. & B., D. S. S. & A. Ry., Duluth, Minn. 
Marcy, C. A., Supv. B. and B., C. & N. W. Ry., Chicago. 
Marklcy, A. S., Mast. Carp., C. & E. I. R. R., Danville, 111. 
Markley, J. H., Mast. B. and B., T. P. & W. Ry., Peoria, 111. 
Marsh, John, For. B. and B., B. & M. R. R., Lawrence, Mass. 
Marsh, M. M., Supt. W. & B., Northern Ry., Squirres, Costa Rica, C. A. 
Maruyama, Y., C. E., Sou. Manchuria Ry., Dairen, Japan. 
Massenburg, W. G., Dist. Engr., G. C. & S. F. Ry., Galveston, Tex. 
Mattos, F. D., Supt. Pres. Wks., S. P. Co., W. Oakland, Cal. 
May, A. D., Asst. Engr., Mo. Pac. Ry., Little Rock, Ark. 
May, Frank, For. B. & B., Mo. Pac. R. R., Charleston, Mo. 
Mayer, M. J., Ch. Draftsman, Sou. Pac. Co., San Francisco, Cal. 
McCabe, E. M., Supv. B. & B., B. & A. R. R., Pittsfield, Mass. 
McCallimx, A. D., For. W. S., C. H. & D. Ry., Hamilton, O. 
McCandless, C. W., For. B. & B., Sou. Pac. Co., Ventura, Cal. 
McCann, E., Gen. For. B. and B., A. T. & S. F. Ry., Wellington, Kans. 
*McCaulley, S. W., C. E., 1428 E. 68th St., Chicago, 111. 
McClanahan, S. L., Div. Engr., C. R. I. & P. Ry., Herington, Kans. 
McCloy, A. L., For. B. & B., P. M. R. R., Reese, Mich. 
McClure, J. C. E., Asst. Engr., Sou. Pac. Co., Los Angeles, Cal. 
McCormick, R. S., Ch. Engr., A. C. & H. B. R., Sault Ste. Marie, Ont. 
McCue, G. C, Gen. Supvr. B. & B., G. T. Ry., Ottawa, Ont. 
McCuUy, C. S., Gcn'l For. B. and B., N. P. Ry., Jamestown, N. D. 
McDearmid, W. A., Mast. Carp., S. A. L. Ry., Charleston, S. C. 
McDonald, Hunter, Ch. Engr., N. C. & St. L. Ry., Nashville, Tenn. 
McFadden, T. E., Chief Carp., C. M. & St. P. Ry., Cedar Falls, Wash. 
McGee, Danl., For. B. & B., Sou. Pac. Co., Sacramento, Cal. 
McGonagle, W. A., Pres., D. M. & N. Ry., Duluth, Minn. 
McGuire, Edwd., Ch. Carp., C. M. & St. P. Ry., Marion, Iowa. 
Mcllhenny, O. R., Office Engr., Chickasaw Shipbuilding Co., Mobile, Ala. 
*McIntosh, Wm., Castle Stuart, Dalcross, Inverness-shire, Scotland. 
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Mclver, B. T., R. F. D. No. 2, Box 367 B, Long Beach, Cal. 

McKay, A. G., Div. For. Bldgs., N Y N H & H R R., New Haven, Conn. 

McKee, D. L., Mast. €arp., P. & L. E. R. R., McKee's Rocks, Pa. 

McKee, H. C, Supt. Bridges, C. of Ga. R. R., Savannah, Ga. 

McKed, W. S., Mast Carp., G. R. & I. Ry., Grand Rapids, Mich. 

McKibben, Robert, Mast. Carp., P. R. R., Altoona, Pa. 

McLean, Neil, Bridge Inspector, Erie R. R., Huntington, Ind. 

McLeod, Anpis M., For. B. & B., Sou. Pac. Co., Oakland, Cal. 

McMahon, Geo., For. B. & B., Sou. Pac. Co., Dunsmuir, Cal. 

McMahon, Thos. D., Architect, G. N. Ry., St. Paul, Minn. 

McNab, A., Supvr. B. and B., P. M. R. R., Holland, Mich. 

*McNaughton, H. C. 

McRae, D. A., Carp. For., C. P. R., Lethbridge, Alberta. 

*McRostie, Roy, Asst. For. Const., O. S. L. R. R., Pocatello, Idaho. 

McVay, A. B., Supvr. B. and B., L. & N. R. R., Evansville, Ind. 

Mellgren, J., For. W. S., C. & N. W. Ry., Eagle Grove. Iowa. 

Meyers, W. F., Supv. B. and B., C. & N. W. Ry., Boone, Iowa. 

Miller, A. F., Mast. Carp., Penn. Lines W. of Pitts., Chicago. 

Miller, C. E., Scale Insp., C. & N. W. Ry., Chicago. 

Miller, J. W., Archt, C & N. W. Ry., Chicago. 

Miller, M. D., Spl. Engr., 740 Transportation Bldg., Chicago. 

Mills, R. P., Supvr. Bldgs., N. Y. C. R. R., New York City. 

Mitchell, G. A., Supt. B. and B., G. T. Ry., Toronto, Ont. 

Mitchell, L. A., Eng. M. & W., U. T. Co. of Ind.; Anderson, Ind. 

*Moen, J. D. 

Montzheimer, A., Ch. Engr., E. J. & E. Ry., Joliet, 111.. 

Moore, C. J., Mast. Carp., St. L. S. W. Ry., Pine Bluff, Ark. 

Moore, E. G., For. Carpenter, B. & O. R. R., Flatwoods, W. Va. 

Moore, W. H., Eng. of Brgs., N. Y. N. H. & H. R. R., New Haven, Conn 

Moreau, C. L., Genl. For., B. & A. R. R., Springfield, Mass. 

Morgan, Homer, For. B. & B., P. M. R. R., Greenville, Mich. 

Morin, Theo., Br. For., B. & A. R. R., Pittsfield, Mass. 

Moitison, E. C, Div. Engr., Sou. Pac Co., San Francisco. 

Mountain, G. A., Ch. Engr., Ry. Com. of Canada, Ottawa, Ont. 

Mountfort, Albert, Div. For. B. and B., B. & M. R. R., Nashua, N. H. 

Mulcahy, W. H., Supv. B. & B., C. & N. W. Ry., Adams, Wis, 

Murphy, J. J., For. Water Service, Sou. Pac. Co., Oakland, Cal. 

Murphy, R. E., For. B. & B., Sou. Pac. Co., Bakersfield, Cal. 

Murray, J. R., Supvr. B. & B., A. G. S. R. R., Tuscaloosa, Ala. 

Murray, Edwd^ Asst. Engr. B. & B.; C. M. & St P. Ry., Miles City, Mont 

Musgrave, C. T., For. B. & B., O. S. L. R. R., Idaho Falls, Idaho. 

Musser, D. G., Mast. Carp., Penn. Lines W. of Pitts., Wellsville, Ohio 

Nelson, M. E., Engr. Brdgs., A. C. L. R. R., Wilmington, N. C. 

Nelson, O. T., Supt. M. of W., A. & W. P. R. R., Atlanta, Ga. 

Nelson, P. N., Supv. B. & B., Sou. Pac. Co., San Francisco, Cal. 

Newton, E. C, Div. For. Bldgs., N. Y. N. H. & H. R. R., Danbury, Conn, 

Newton, R., Chester Shipbldg. Co., 101 W. 7th St., Chester, Pa. 

Nies, A. B., Archt., M. C. R. R., Jackson, Mich. 

Noland, W. B., Supvr. B. & B., O. A. & E. Ry., Sacramento, Cal. 

Noon, W. M., 617 Ave. G., Miami, Fla. 

Nuelle, J. H., Genl. Supt., N. Y. O. & W. R. R., Middletown, N. Y. 

Nuss, G. K., G. F. B. & B., D. M. & N. Ry., Proctor, Minn. 

O'Connell, Jno., Painter For., B. & A. R. R., Pittsfield, Mass. 
O'Connor, W. F., Supvr. Bridges, L. I. R. R., Flushing, N. Y. 
Oetzman, Emil, For. W. S., A. T. & S. F. Ry., Fresno, Cal. 
Oldham, W. J., B. & B. Master, T. & N. O. Ry., North Bay, Ont 
O'NeiU, P. J., Mast. Carp., N. Y. C. R. R., Adrian, Mich. 
Osbom, F. C, Cons. Engr., 2848 Prospect Ave., S. E., Cleveland, O. 
Owen, John, For. B. & B., D. & M. Ry., East Tawas, Mich. 
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Page, A. A., Div. For. B. & B., B. & M. R. R., Wilmington, Mass. 

Palmer, E. F., For. B. & B., B. & M. R. R., Salem, Mass. 

Parker, J. F., A. T. & S. F. Ry., San Bernardino, Cal. 

Parker, W. V., B. & B. Fr., St. L. S. W. Ry., Box 358, Paragould, Ark. 

Parks, J., 3347 Boulevard F., Denver, Colo. 

Parsons, P. E., Asst. Supv. B. & B., O. S. L. R. R., Pocatello, Idaho. 

Paterson, E. E. 

Pauba, A. W., Mast. Carp., C. & S. Ry., Denver, Colo. 

Paul, C. E., Prof. Mechanics, Armour Inst. Tech., Chicago. 

Peabody, K., Asst. Supv. Bldgs., N. Y. C. R. R., New York City. 

Pcnwell, J. N., Supt. Ogle Const, Co., Tipton, Ind. 

Perkins, H. D., 1501 Walnut St., Danville, 111. 

Pettis, W. A., Gen. Supv. Bldgs., N. Y. C. R. R., Rochester, N. Y. 

PhiUips, B. P., Asst. Sup. B&B, NYNH&HRR, Willimantic, Conn. 

Pickering, B. F., Supvr. B. & B., B. & M. R. R., Salem, Mass. 

^Pickering, F. M., Trainman, B. & M. R. R., Salem, Mass. 

Pierce, Roy, Mast. Carp., Erie R. R., Salamanca, N. Y. 

Pinson, J. F., Asst. Engr. B. & B., C. M. & St. P. Ry., Seattle, Wash. 

*Piper, E. B., Div. For. B. & B., B. & M. R. R., Fitchburg, Mass. 

Pitcher, C. G., For. B. & B., O. S. L. R. R., Pocatello, Idaho. 

Plank, D. E. Supvr. B. and B., Pac. Elec. Ry., Los Angeles, Cal. 

Pollard, Harry, Asst. Gen'l Br. Insp., S. P. Co., San Francisco, Cal. 

Pollocl^ H. H., Mast. Carp, of Bldgs., P. C. C. & St. L. Ry., Carnegie, Pa. 

Porter, Geo. F., Engr. Const., St. Lawrence Br. Co., Montreal, Que. 

Porter, John W., Ch. Engr., Hudson Bay Ry., The Pas, Manitoba. 

Porter, L. H., Box 35, Andover, Conn. 

Post, J. C, B. & B. For., L. A. & S. L. R. R., Los Angeles, Cal. 

Potter, A. K.i Inspector, C. & N. W. Ry., Antigo, Wis. 

Potts, J. O., M. of W. Inspr., B. & O. R. R., Baltimore, Md. 

PowclC C. E., Genl. Insp. Brgs., C. & O. Ry., Hinton, W. Va. 

Powers, G. F., Contractor (Newkirk & Powers), Joliet, 111. 

Purdy, G. A., Supv. B. & B., M. K. & T. Ry., Denison, Tex. 

Quinn, William, Supt. B. & B., St L. S. W. Ry., of T., Tyler. Tex 

Rankin, W. F., Mast. Carp., Pa. Lines West, Cambridge, Ohio. ^ 

Rask, A. G., Supt. B. & B., C. St. P. M. &. O. Ry., St. Paul, Minn. 
Ratliff, W. L., Supvr. B. & B.. I. C. R. R., McComb, Miss. 
Ray, G. T., Supv. B. & B., St. J. & G. I. R. R., Marysville, Kans. 
Rear, G. W., Gen'l Insp., S. P. Co., San Francisco, Cal. 
Rcdfield, J. A. S., Div. Engr., C. & N. W. Ry., Fond du Lac, Wis. 
Reed, Wm., M. of W. C, Mo. Pac. R. R., McGehee, Ark. 
Rehmert, D. L., Mast. Carp., Pa. Lines W., Bradford, O. 
Reid, R. H., Supvr. Bridges, N. Y. C. R, R., Cleveland, Ohio. 
Replogle, J. S., For. B. & B., Sou. Pac. Co., Oakland, Cal. 
Rettinghousc, H., Ch. Engr., C. St. P. M. & O. Ry., St. Paul, Minn. 
Reynolds, A. W., Mast. Carp., P. R. R., Jersey City, N. J. 
Reynolds, J. V., For. B. & B., St. L. I. M. & S. Ry., McGehee, Ark. 
Reynolds, J. W., Carp. For., O. S. L. R. R., Pocatello, Idaho. 
Rich, B. D., Painter For., Sou. Pac. Co., Stockton, Cal. 
Richards, G. T., Supt. B. & B. Shops, C. M. & St. P. Ry., Tomah, Wis. 
Richardson, R. W., Div. Engr., C. & N. W. Ry., Sioux City, la. 
Ridgway, Arthur, Asst. Ch. Engr., D. & R. G. R. R., Denver, Colo. 
Riney, M., Supv. B. and B., C. & N. W. Ry., Baraboo, Wis. 
*Rintoul, D. T., Gen'l For. B. and B., Sou. Pac. Co., Bakersfield, Cal. 
Roberts, A. C, Supv. B. & B., Mo. Pac. R. R., Monroe, La. 
Robinson, A. W., Div. Engr., O. S. L. R. R., Pocatello, Idaho. 
Robinson, J. S., Div. Engr., C. & N. W. Ry., Chicago. 
Robinson, John, Supvr. B. and B., P. M. R. R., Grand Rapids. Mich. 
Robinson, R. B., Engr. M. of W., O. S. L. R. R., Pocatello, Idaho. 
Rodman, G. A., Supt. B. & B., N. Y. N. H. & H. R. R., New Haven, Conn. 
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Rogers, W. A., Civil Engineer, 37 W. Van Buren St., Chicago. 
Rohbock, W. L., Ch. Engr., W. & L. E. R. R., Cleveland, Ohio. 
Rohr, E. J., Asst. Br. Supv., C. & O., 2192 Shadwell St., Cincivinati. 
Rose^ Norman, Supvr. B. and B., Sou. Pac. Co., Portland, Ore. 
Rose, W. M., For. Water Service, Sou. Pac. Co., Sacramento, Cal. 
Ross, William. Chief Carp., C. M. & St P. Ry., Millbank, S. D. 
Rounseville, D., Asst. to Ch. Engr., C. & N. W. Ry., Chicago. 
Roy, C. M., Gen. Bridge For., L. & N. R. R., Birmingham, Ala. 
Ruge, Aug., Supvr. B. & B., C. St. P. M. & O. Ry., Mankato, Minn. 
Runyon, C. C, For. B. & B., St. L. I. M. & S. Ry., Gorham, 111. 
Rykenboer, E. J., Supvr. Bldgs., N. Y. C. R. R., Rochester, N. Y. 

Sampson, G. T., C. E., N. Y. N. H. & H. R. R., (retired), Medford, Mass. 

Sattley, R. C, Valuation Engr., C. R. I. & P. Ry., Chicago. 

Sayles, H. H., For. B. & B., St. L. & S. F. R. R., Cape Girardeau, Mo. 

Schall, F. E., Bridge Engr., L. V. R. R., So. Bethlehem, Pa. 

Scheetz, F. B., Dept. Valuation, I. C. C, Kansas City, Mo. 

Schoolcraft, C. S., For. Brgs., C. Vt. R., Farnham, Que. 

Schuessler, W. B., Supvr. B. & B., N Y N H & H R. R., Waterbury, Conn. 

Scott, Chaa., Supvr. B. & B., B. R. & P. Ry., E. Salamanca, N. Y. 

Scribner^ C. J., Bldg. Inspr., C B. & Q. Ry., Chicago. 

Secord, Fred, For. B. & B., Sou. Pac. Co., Sacramento, Cal. 

Scdmoradsky, C, For. B. & B., C. St. P. M. & O. Ry., Worthington, Minn. 

Seeley, L. T., Gen. For. B. & B., A. T. & S. F. Ry., Needles, Cal. 

Scely, S. A., Asst. Engr., N. Y. C. R. R., Utica, N. Y. 

Self, E. P., Supv. Bldgs., L. I. R. R., Jamaica, N. Y. 

Sellew, W. H., Valuation Dept., M. C. R. R., Detroit, Mich. 

Settle, T. H., Gen. For. B. & B., S. P. Co., Los Angeles, Cal. 

Shane, A., Box 71, Indianapolis, Ind. 

Shanklin, F. E., Gen. For., C. & N. W. Ry., Belle Plaine, Iowa. 

Sharp. J. S., R. M., Sou. Ry., Hattiesburg, Miss. 

Sharpe, D. W., 25 Wooster Place, New Haven, Conn. 

Shean, J. R., Ptr. For., Pac. Elec. Ry., Los Angeles, Cal. 

Sheldon, J. B., Supvr. B. & B., N. Y. N. H. & H. R. R., Providence, R. I. 

Sheley, Wm., Asst. Supvr. B. and B., L. & N. R. R., Evansville, Ind. 

Shields, A. C, Div. Engr., C. R. I. & P. Ry., Trenton, Mo. 

Shifflet, Parker, For. Br. Erec, O. S. L. R. R., Pocatello, Idaho. 

Shobert, Fred, For. B. & B., Sou. Pac. Co., Bakersfield, Cal. 

Shope, D. A.,. 926 O St., Fresno, Cal. 

Shropshire, W., Supvr. of B. and B., Y. & M. V. R. R., Greenville, Miss. 

Sibley, C. A., Engr. & Contr., 902 Chapel St., New Haven, Conn. 

Simmons, I. L., Br. Engr., C. R. I. & P. Ry., Chicago. 

Sinclair, E. L., Asst. Engr., C. M. & St. P. Ry., Marion, Iowa. 

Sisson, F. P., Asst. Engr., G. T. Ry., Detroit, Mich. 

Skeoch, Jas., Gen. For. B. & B., D. L. & W. R. R., Dunmore, Pa. 

Slabotsky, H., Asst. Engr., M. L. & T. R. R. & S. S. Co., Lafayette, La 

Smetters, S. T., Asst. Br. Engr., Sanitary Dist. of Chicago, Chicago, 111. 

Smith, A. W., Bridge Dept. C. N. Ry., Winnipeg, Manitoba. 

♦Smith, C. E., Consulting Engr., 2075 Ry. Exch. Bldg., St. Louis, Mo. 

♦Smith, C. U., Asst. Engr., C. M. & St. P. Ry., Milwaukee, Wis. 

Smith, C. W., Asst. Supvr. B. & B., Sou. Pac." Co., Portland, Ore 

Smith, E. U., Ch. Dft., The Austin Co., 1026 Bulletin Bldg., Philada., Pa. 

Smith, E. W., Architect Val., M. C. R. R.. Detroit, Mich. 

Smith, L. D., C. E., Room 18, Ferry Bldg., San Francisco. 

Smith, M. A., Gen. For. B. & B., I. C. R. R., New Orleans, La. 

Smith, R. W., Gen. For. B. & B., T. & B. V. Ry., Teague, Tex. 

Smith, Wm., For. W. S., Mo. Pac. R. R., McGehee, Ark. 

Snow, J. P., 1120 Kimball Bldg., Boston, Mass. 

Snyder, A. M., Supv. B. & B., L. & N. E. R. R., Pen Argyl, Pa. 

Soisson, J. L., Gen'l For. B. and B., N. Y. C. R. R., Norwalk, Ohio. 

Soothill, F. H., Bldg. Supt., .111. Cent. R. R., Chicago. 
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Sorenscn, Wm., For. B, & B., O. S. L. R. R., Brigham, Utah. 

Sorrells, O. M., Asst. Div. Engr., N. C. & St. L. Ry., Atlanta, Ga. 

Spalding, Lawrence, Supv. Struct., B. & L. E. R. R., Greenville, Pa. 

Spell, W. A., Ch. Draftsman, A. B. & A. Ry., Atlanta, Ga. 

Spencer, Jos^ For. B. & B^ G. T. Ry., Stratford, Ont. 

Spencer, Wm., C. & N. W. Ry., Norfolk, Neb. 

Stamlcr, H., Supvr. B. & B., L. & N. R. R., Paris, Ky. 

Stannard, James, 1602 Broadway, Kansas City, Mo. 

Staten, J. M., Gen'l Bridge Insp., C & O. Ry., Richmond, Va. 

Steadham, J. J., Supv. B. & B., Sou. Ry., Hattiesburg, Miss. 

Steffens, W. F., Special Engr., N. Y. C. Lines, New York City. 

Sterling, W. M., Ch. Clerk, C. & N. W. Ry., Chicago. 

Stern, L F^ C. E., Old Colony Bldg., Chicago. 

Stevens, A. R., For. B. and B., O. S. L. R. R., Pocatello, Idaho. 

Stewart, G. H., Engr. Masonry, B. R. & P. Ry., Salamanca, N. Y. 

Stewart, John. 

Stewart, W A., For. Brgs., C. Vt. R. R., New London, Conn. 

Stewart, W. G., Supvr. B. and B., L. & N. R. R., Nashville, Tenn. 

Stiver, C. G., Scale Insp., B. & O. R. R., Garrett, Ind. 

Stone, L, W., Supvr. B. & B., N. Y. C. R. R., Oswego, N. Y. 

Storck, E. G., Mast Carp., P. & R. Ry., Philadelphia, Pa. 

Strate, T, H., Val. Engr., C. M. & St. P. Ry., Chicago. 

Strothors, R. R., Asst. Engr., C. & St. P. M. & O. Ry., St. Paul, Minn. 

Strouse, W, F., Asst. Engr., B. & O. R. R.^400 Forest Road, Baltimore 

Stuart, H. B., Struct. Engr., G. T. Ry., Montreal, Que. 

Stuart, T. J. 

Sturdevant, A. H., Mast. Carp., C. R. I. & P. Ry., El Reno, Okla. 

Sughrue, T. G., Supv. B. & B., B. & M. R. R., Nashua, N. H. 

Sullivan, William, Care Div. Supt., Mo. Pac. Ry., Kansas City, Mo. 

Snter, O. M., Supvr. B. & B., I. C. R. R., Chicago. 

Swain, Geo. F., Prof. C. E., Harvard University, Cambridge, Mass. 

Swan, L. W., Supvr. B. and B., L. V. R. R., Easton, Pa. 

Swartz, A., Vice Pres., Toledo & Western R. R., Sylvania, Ohio. 

Swartz, H. C, Master B. & B.. G. T. R., St. Thomas. Ont. 

Swartz, W. G., Asst. Engr. Const, G. T. R., Campbellford, Ont. 

Sweeney, Wm., Supv. B. and B., C. & N. W. Ry., Green Bay, Wis. 

Swenson, A. M., Asst. Supt. B. & B., Soo Line, Minneapolis, Minn. 

Swenson, P., Supt. B. and B., M. St. P. & S. Ste. M. Ry., Minneapolis. 

Talbott, J. L.. Gen'l For. B. and B., A. T. & S. F. Ry., Pueblo, Col. 
Tamplin, J. F., Supv. B. & B., C. of Ga. Ry., Macon, Ga. 
Tanner, F. W., Insp. M. of W., Mo. Pac. Ry., St. Louis, Mo, 
Tanner, S. C, Mast. Carp., B. & O. R. R., Baltimore, Md. 
Tattcrshall, E. R., Supvr. B. & B., N. Y. C. R. R., Malone, N. Y. 
Taylor, D. B., Mast Carp., B. & O. R. R., Garrett, Ind. 
Taylor, F. A., Mast. Carp., B. & O. R. R., Cumberland, Md. 
Taylor, Herbert, Supvr. B. and B., D. & R. G. R. R., Alamosa, Colo. 
Taylor, J. J., Supt. B. & B., K. C. S. Ry., Texarkana, Tex. 
Tcaford, J. B., Supvr. B. & B., Sou. Ry., Louisville, Ky. 
Tcmplin, E. E., For. Carp., P. & R. Ry., Pottsville, Pa. 
Tewksbury, D. G., Supvr. B. & B., St. L. I. M. & S. Ry., Gorham, 111. 
Thomas, M. E., Div. Engr., C. & N. W. Ry., Boone, Iowa. 
Thomas, T. E., Mast. Carp., B. & O. R. R., Philadelphia, Pa. 
Thompson, C., Supt. Newkirk & Powers Const. Co., Joliet, 111. 
Thompson, C! S., Supt. B. and B., D. & R. G. R. R., Denver. 
Thompson, E. E., G. F. B. & B., A. E. R. R., Phcenix, Ariz. 
Thompson, F. J. 

Thompson, F. L., Asst. Ch. Engr., I. C. R. R., Chicago. 
Thompson, H. C, Div. Engr., N. Y. C. R. R., Weehawken, N. J. 
Thomson, J. L., Gen. Insp. W. S., D. & R. G. R. R., Salt Lake City. 
Thorn, J. O., C. B. & Q. R. R., Beardstown. 111. 



184 DIRECTORY OF MEMBERS 

Thorn, S. B., Div. For. Bldgs., M. C. R. R., Bay City, Mich. 

Tichboume, W. H., Supvr. B. & B., G. T. Ry., London, Ont. 

Toohey, J. E., Gen'l For. B. and B., P. M. R. R., Grand Rapids, Mich. 

Trapnell, Wm., Supt. C. & C. Ry., Elkins, W. Va. 

Tratman, E. E. R., Ed. Eng. News-Record, Old Colony Bldg., Chicago, IlL 

Travis, J. E., Pinehurst, Wash. 

Tretheway, Thos., For. B. & B., Sou. Pac. Co., Stockton, Cal 

Turnbull, T. B., Supt. B. & B., A. A. R. R., Owosso, Mich. 

Turner, W. F., Asst. Div. Engr., Sou. Pac. Co., Ogden, Utah. 

Tycrs, W. J., Supvr. B. & B., G. T. Ry., Belleville, Ont. 

UUcry, O. E., Asst. Engr., C. & N. W. Ry., Sioux City, la. 
♦Urbutt, C. F. 

Vance, W. H., Engr. M. of W., St. L. S. W. Ry., Tyler, Tex. 

Vandercook, Wesley, Ch. Engr., S. A. & S. W. Ry. Sys., Lake Charles, La. 

Vatter, E. J., For. P. & W., B. & M. R. R., Salem, Mass. 

Vincent, E. J., For. B. & B., Sou. Pac. Co., Los Angeles. 

Vollmer, C. G., Ch. Carp., C. M. & St. P. Ry., Elk Point, So. Dak. 

Von Schrenk, Hermann, Cons. Timber Engr., 4276 Fladd Ave., St. Louis. 

Wackerle, L. J., Supvr. B. & B., Mo. Pac. Ry., Osawatomie, Kans. 

Wagner, R., G. F. B. & B., M. & N. A. Ry., Harrison, Ark. 

Waits, A. L., For. B. and B., St. L. I. M. & S. Ry., St. Louis. Mo. 

Walker, Fred, For. B. & B., O. S. L. R. R., Wellsville, Utah. 

Walker, I. O., Div. Engr., W. & A. R. R., Atlanta, Ga. 

Wallenfelsz, J., Bridge Insp., P. R. R., 501 N. 6th St., Cambridge, Ohio. 

Warcup, C. F., For. W. S., G. T. R., St. Thomas, Ont. 

Watson, P. N., Supvr. B. and 6., Maine Central R. R., Brunswick, Me 

♦Webb, Geo. H. 

Webster, E. R., Asst. Engr., C. M. & St. P. Ry., Marion, la. 

Wehlen, Charles, Br. Inspr., L. L R. R., Jamaica, N. Y. 

Weir, C. F., Supvr. B. & B., P. M. R. R.. St. Thomas. Ont. 

Weise, F. E., Chief Qerk, Eng. Dept., C. M. & St. P. Ry., Chicago. 

Welch, W. F., Asst. For., B. & A. R. R., Pittsfield, Mass. 

Weldon, A., For. B. & B., Sou. Pac. Co., Los Angeles, Cal. 

Welker, G. W., Supvr. B. and B., Southern Ry., Alexandria, Va. 

Wells, C. R., Br. For., Sou. Pac. Co., Sacramento, Cal. 

Wells, D. T., Genl. For. B. & B., O. S. L. R. R., Salt Lake City, Utah. 

Wells, L. N., Div. For., B. & M. R. R., Woodsville. N. H. 

Wenner, E. R., Supvr. B. and B., L. V. R. R., Ashley, Pa. 

Wheaton, L. H., C. E., 26 So. Park St., Halifax. N. S. 

Wherren, F. M., Div. For. B. & B., B. & M. R. R., Salem, Mass. 

White, F. W., Supvr. B. & B., L. V. R. R., Sayre, Pa. 

White, J. B., For. W. S.. C. & N. W. Ry.. Boone. la. 

Whitlock, L. M., Asst. For. B. & B.. Mo. Pac. R. R., McGehee, Ark. 

Whitmee, G. Y., For. W. S., P. M. R. R., Grand Rapids, Mich. 

Whitney, W. C, Sen. Archt., I. C. C, 1907-15th St. N. W., Wash., D. C. 

Wicks, Warren, Gen'l For., L. I. R. R., Amityville, N. Y. 

Wilkinson, J. M.. Supvr. B. and B., C. N. R. R., Van Wert, Ohio. 

Wilkinson, W. H., Bridge Insp., Erie R. R., Elmira, N. Y. 

Williams, J. C, Supvr., Georgia R. R., Decatur, Ga. 

Williams, M. R., Gen. For. B. & B., A. T. & S. F. Ry., Las Vegas, N. M. 

Wilson, E. E., Supv. Brgs., N Y C R R, New York City (81 E. 125th St.). 

Wilson, J.. Supvr. B. & B.. G. T. Ry., Hamilton, Ont. 

Wilson, M. M. Div. Br, Inspr., Sou. Pac. Co.. Los Angeles 

Wilson, W. W., Div. Engr., G. C. & S. F. Ry., Cleburne, Tex. 

Winter, A. E., C. E., 257 Cathedral PI., St. Paul, Minn. 

Winter, J. L., Mast. Carp., S. A. L. Ry., Waldo, Fla. 

Wise, E. P.. 207 Clay St.. Waterloo, Iowa. 

Wishart, J. J., Supvr. B. & B., N. Y. N. H. & H. R. R., Boston, Mass. 
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Witt, C. C, Dist. Engr., I. C. C, 1020 McGee St., Kansas City, Mo. 

Wolt A. A., Dist. Carp., C. M. & St. P. Ry., Milwaukee, Wis. 

Womeldorf, C. F., Asst. Engr., C. & N. W. Ry., Chicago, 111. 

Wood, J. P., Supvr. B. & B., P. M. R. R., Saginaw, Mich. 

Wood, J. W., Gen'l For. B. and B., A. T. & S. F. Ry., San Bernardino, Cal. 

Wood, W. E., Dist. Engr., C. M. & St. P. Ry., Chicago. 

Wright, C. W., Mast. Carp., L. I. R. R., Jamaica, N. Y. 

Wright, G. A., Gen. For. B. & B., 111. Trac. Sys., Decatur, 111. 

Yappen, Adolph, Asst. Engr., Br. Maint., C. M. & St. P. Ry., Chicago. 
Yates, J. P., Gen. For. B. & B., N. O. T. & M. R. R., DeQuincy, La. 
Yereance, W. B., Cons. Engr., 128 Broadway, New York City. 
Young, R C, Chief Engr., L. S. & I. Ry., Marquette, Mich. 

Zenor, D., For. B. & B., L. & A. Ry., Stamps, Ark. 
Zinsmeister, E. C, Mast Carp., B. & O. R. R., Newark, O. 
Zom, J. F., For. B. & B., Pac. Elec. Ry., Los Angeles, Cal. 

Total number of members 709. 

Total No. of Members, Jan. 1, 1918, 709 

Died, , 11 

Resigned and dropped, 23 34 



No. members Oct. 14, 1918, 675 

New members Oct., 1918, 48 



Total members Oct. 20, 1918, 723 

LIFE MEMBERS 

Austin, C. P., 107 Park St, Medford, Mass. 

Bailey, S. D., Mich. Cent. R. R., Detroit, Mich. 

Barton, M., 311 No. 34th St., Philadelphia, Pa. 

Beard, Amos H., 705 No. 11th St., Reading, Pa. 

Carmichael, Wm., St. J. & G. I. R. R., St Joseph, Mo. 

Carpenter, J. T., 619 So. Gibson St, Princeton, Ind. 

Cummin, Jos. H., Bay Shore, N. Y. 

Findley, A., 929 Wash. Ave., Portland, Me. 

Gagnon, Ed., 408 Bryant Ave. North, Minneapolis, Minn. 

Gooch, C. W., 1325 W. 9th St., Des Moines, la. 

Green, E. H. R., Texas Midland R. R., Terrell, Tex. 

Hanks, G. E., E. Saginaw, Mich. 

Hubbard, A. B., 32 Banks St., West Somerville, Mass. 

Killam, A. E., Moncton, N. B. 

Loughery, E., Gen. For. B. & B., T. & P. Ry., Dallas, Tex. 

Lydston, W. A., Swampscott, Mass. 

Mackenzie, W. B., C. E., Moncton, N. B. 

McLean, Neil, Mast Carp., Erie R. R., Huntington. Ind. 

Mountain, G. A., Ch. Engr., Ry. Com. of Canada, Ottawa, Ont 

Mountfort, A., B. & M. R. R., Nashua, N. H. 

Noon, W. M., Miami, Fla. 

Parks, Jas., U. P. R. R., Denver, Colo. 

Porter, L. H., Box 35, Andover, Conn. 

Ross, Wm., C. M. & St. P. Ry., Millbank, So. Dak. 

Shane, A., Box 71, Indianapolis, Ind. 

Snow, J. P., 1120 Kimball Bldg., Boston, Mass. 

Stannard, Jas., 1602 Broadway, Kansas City, Mo. 

Tanner, Frank, Mo. Pac. Ry., St. Louis, Mo. 

Thorn, J. O., C. B. & Q. R. R., Beardstown, 111. 

Wise, E. P.. 207 Clay St., Waterloo. la. 
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DECEASED MEMBERS 



Aldrich, G. 
Amos, A., 
Andrews. O. H. 
Berg, Walter G. 
Bishop, Geo. J. 
Biss, C. H. 
Blair, J. A. 
Bowman, A. L. 
Brady, James 
Bridges, T. H. 
Cahlll, M. F. 
Carr, Charles 
Causey, T. A. 
Clark, W. M. 
Cleaveland, H. D. 
Connolly, C. G. 
Costolo, J. A. 
Crane, Henry 
Danes, W. S. 
DeMars, James 
Dunlap, H. 
Edinger, F. S. 
Ewart, John 
Fletcher, H. W. 
Forbes, Jno. 
Foreman, John 
Fuller, C. E. 
Gaskin, W. 
Gilbert, J. D. 
Gilchrist, E. M. 
Graham, T. B. 
Hall, H. M. 
Harwig, W. E. 
Hcflin, R. L. 



DECEASED MEMBERS 

Henson, H. M. 
Hicks, Wm. G. 
Hinman, G. W. 
Holmes, H. E. 
Hubley, John 
Humphrejrs, Thos. 
Isadell, L. S. 
Johnson, J. £. 
Keen, Wm. H. 
Lamb, C. W. 
Lanning, W. R. 
Lantry, J. F. 
Large, C. M. 
Larson, G. 
Lovett, J. W. 
Mallard, C. C. 
Markley, Abel S. 
McCormack. J. W. 
McGehee, G. W. 
Mcllwain, J. T. 
Mclnt3rre, Jas. 
McKee, R. J. 
McMahon. J. 
Mellor, W. J. 
Meloy, E. S. 
Millner. S. S. 
Mitchell. J. B. 
Mitchell, W. B. 
• Moi^n, J. W. 
Morgan, T. H. 
Morrill, H. P. 
Nelson, J. C. 
Patterson, S. F. 
Peck, R. M. 



Perry, W. W. 
PhiUips, H. W. 
Powell, S. J. 
Powell, W. T. 
Redinger, C. A. 
Reid, G. M. 
Renton, Wm. 
RejmoldSy E, F, 
Rice, A. P. 
Robertson, Daniel 
Scha£Fer, J. 
Schenck, W. S. 
Schwartz, J. C. 
Soles, G. H. 
SpaflFord, L. K. 
Spangler, J. A. 
Spauldins, £. C. 
Spencer, C. F. 
Taylor, J. W. 
Thompson, N. W 
Todd, R. E. 
Tozzer, Wm. S. 
Trautman, T. J. 
Travis, O. J. 
Vandegrift, C. W. 
Van Der Hoek, J. 
Vaughan, Jas. 
WaUace, J. E. 
Walden, W. D. 
Welch, E. T. 
Wells, J. M. 
Wood. W. B. 
Worden. C. G. 
Zook, D. C. 



MEMBERSHIP BY ROADS 



Alabama & Vicksburg (V.S. & P. Ry.) 
E. L. Loftin 

Algoma Central & Hudson Bay Ry. 
R. S. McCormick 

Ann Arbor R. R. 

T. B. Turnbull 

Arizona Eastern R. R. 
E. E. Thompson 

Atchison, Topeka & Santa Fe (System) 
E. E. Ball 
E. Colclough 
Julius Froese 
J. H. Grover 
A. J. James 
E. McCann 



E. Oetzman 

J. F. Parker (retired) 

L. T. Seeley 

J. L. Talbott 

M. R. Williams 

J. W. Wood 



Atlanta & West Point R. R., and W. Ry., of Ala. 
O. T. Nelson 

Atlanta, Birmingham & Atlantic Ry. 
W. A. Spell 

Atlantic Coast Line R. R. 
M: E. Nelson 



Baltimore & Ohio R. R. (System) 
G. W. Andrews 
S. H. Blowers 
W. S. Bouton 
Z. T. Brantner 
H. R. Bricker 
G. S. Crites 
Chas. Esping 
R. F. Farlow 
Orin Haag 
W. T. Hopke 
A. T. Humbert 
L. H. Douglas 

Bangor & Aroostook R. R. 
W. E. Alexander 

Bessemer & Lake Erie 
H. H. Harman 

Boston & Albany R. R. 
T. W. Busier 
W. J. Griffith 
T. J. Harvey 
C. A. Little 
E. M. McCabe 

Boston & Maine R. K. . 

C. P. Austin (retired) 
L. M. Blake 
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M. A. Long 

B. S. Mace 

E. G. Moore 
J. O. Potts 

C. C. Stiver 
W. F. Strouse 
S. C. Tanner 

D. B. Taylor 

F. A. Taylor 
T. E. Thomas 

E. C. Zinsmeister 



M. Burpee 

L. Spalding 

C. L. Moreau 
Theo. Morin 
Jno. O'Connell 
W. F. Welch 



J. E. Buckley 
J. P. Canty 
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Boston & Maine R. R. Continued 
S. P. Coffin 
S. E. Dufort 
J. H. Fullerton 

A. I. Gauthier 

B. W. Guppy 

A. B. Hubbard (retired) 

Pusey Jones 

F. J. Leavitt 

W. A. Lydston (retired) 

John Marsh 

H. C. McNaughton 

Buffalo, Rochester & Pittsburgh Ry. 

F. A. Benz 

E. W. Fair 

Canadian Northern Ry. System 
J. A. Crawford 
J. V. Dillabough 

Canadian Pacific Ry. 
Frank Lee 

Carolina & Northwestern Ry. 
J. W. Fletcher 

Central of Georgia Ry. 
A. M. Dodd 
W. P. Golson 
J. M. Fitzgerald 

Central Vermont Ry. 

G. M. Cota 

C. Donaldson 
C. F. Flint 

Chesapeake & Ohio Ry. 
T. H. Allen 
A. C. Copland 

F. M. Griffith 

Chicago & Eastern Illinois R. R. 
F. A. Eskridge 

Chicago & North Western Ry. 
L. J. Anderson 
C. F. Bach 
H. Bender 
F. L. Burrell 

F. M. Case 
John Cronin 

O. F. Dalstrom 
T. H. Durfee 
W. H. Finley 
M. J. Flynn 

G. W. Hand 

J. R. Hartwell 
H. Heiszenbuttel 
C. Herrig 
F. W. Hillman 
John Hunciker 



A. Mountfort 
A.. A. Page 

E. F. Palmer 

B. F. Pickering 

F. M. Pickering 
E. B. Piper 

T. G. Sughrue 

E. J. Vatter 
L. N. Wells 

F. M. Wherren 



Chas. Scott 
G. H. Stewart 



A. W. Smith 



D. A. McRae 



H. C. McKee 
J. F. Tamplin 



C. R. Lyman 

C. H. Schoolcraft 

W. A. Stewart 



C. E. Powell 
E. J. Rohr 
J. M. Staten 

A. S. Markley 

T. J. Irving 

T. W. Irwin 

W. J. Jackson 

Lee Jutton 

C. F. King 

P>. R. Kulp 

C. A. Lichty 

J. A. Lorch 

George Loughnane 

C. A. Marcy 

J. Mellgren 

W. F. Meyers 

C. E. Miller 

J. W. Miller 

W. H. Mulcahv 

A. K. Potter 

J. A. S. Redfield 
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Chicago & Northwestern Ry. Continued 

R. W. Richardson 

M. Riney 

J. S. Robinson 

D. Rounseville 
F. E. Shanklin 

Wm. Spencer (retired) 

Chicago & Western Indiana R. R. 
R. Kendall 

Chicago, Burlington & Quincy R. R. Co. 
W. Hurst 
W. T. Krausch 

Chicago Great Western R. R. 
W. L. Derr 
H. H. Eggleston 

Chicago, Indianapolis & Louisville Ry. 
J. M. Caldwell 

Chicago, Milwaukee & St. Paul Ry. 

E. J. Auge 

C. N. Bainbridge 

E. E. Clothier 
Edw. Collings 
H. R. Drum 
W. E. Duckett 
Chas. Gradt 

L. D. Hadwen 

F. E. King 

N. H. LaFountain 
C. F. Loweth 
T. E. McFadden 
Edw. McGuire 
Edw. Murray 

Chicago, Rock Island & Pacific Ry. 
McClellan Bishop 

G. E. Brooks 
J. P. Copp 
S. T. Corey 
C. H. Eggers 
A. T. Hawk 
J. L. Hayes 



W. M. Sterling 
W. M. Sweeney 
M. E. Thomas 
O. E. Ullery 
J. B. White 
C. F. Womeldorf 



C. J. Scribner 
J. O. Thorn 



H. A. Elwell 
Nels Johnson 



J. F. Pinson 
G. T. Richards 
William Ross 
E. L. Sinclair 
C. U. Smith 
T. H. Strate 
C. F. Urbutt 
C. G. Vollmer 
E. R. Webster 
Fred E. Weise 
A. A. Wolf 
William E. Wood 
A. Yappen 



E. F. Manson 
S. L. McClanahan 
R. C. Sattley 
A. C. Shields 
I. L. Simmons 
A. H. ^turdevant 
R. Wagner 



Chicago, St. Paul, Minneapolis & Omaha Ry. 

J. G. Bock H. Rettinghouse 

A. F. Gilman . Aug. Ruge 

J. F. Glasgow Chas. Sedmoradsky 

J. D. Moen R. R. Strothers 

A. G. Rask A. E. Winter 



Chicago, Terre Haute & Southeastern Ry. 
• J. Dupree 

Cincinnati, Hamilton & Dayton Ry. 
R. C. Henderson 



J. O. Jewell 



A. D. McCallum 



Cincinnati, New Orleans & Texas Pacific Ry. 

F. J. Conn L. A. Cowseri 
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MEMBERSHIP BY ROADS 



Cincinnati Northern R. R. 
J. M. Wilkinson 

Coal & Coke Ry. 

Wm. Trapnell 

Colorado & Southern Ry. 
R. W. Beeson 
C. W. Fellows 

Delaware & Hudson Co. 
N. C. Ailes 

Delaware, Lackawanna & Western R. R. 

E. J. Barry 
G. E. Boyd 

» 

Denver & Rio Grande R. R. 
A. Ridgway 
H. Taylor 

Detroit & Mackinac Ry. 
John Owen 

Duluth & Iron Range R. R. 
W. A. Clark 
O. H. Dickerson 

Duluth, Missabe & Northern Ry. 

F. C. Baluss 
F. N. Graham 

Duluth, South Shore & Atlantic Ry. 
E. R. Lewis 

Elgin, JoHet & Eastern Ry. 
W. B. Hotson 

Erie R. R. 

O. F. Barnes 
W. O. Eggleston 
E. F. Gardner 
A. W. Harlow 

Florida East Coast Ry. 
E. K. Barrett ' 

Fort Worth & Denver City Ry. 
J. M. Mann 

Georgia R. R. 

J. C. Williams 

Grand Rapids & Indiana Ry. 
H. M. Large 

Grand Trunk Ry. System 
W. Cayley 
J. B. Gaut 
J. Henderson 
J. Innes 
J. H. Johnston 



Harry James 
A. W. Pauba 



Albert Fink 
Jas. Skeoch 

C. S. Thompson 
J. L. Thomson 



B. T. Mclver (retired) 



W. A. McGonagle 
G. K. Nuss 



G. A. Manthey 



A. Montzheimtr 



F. A. Knapp 
Neil McLean 
Roy Pierce 
W. H. Wilkinson 



W. S. McKeel 

G. C. McCue 
George A. Mitchell 
F. P. Sisson 
Jos. Spencer 
H. B. Stuart 



MEMBERSHIP BY ROADS 



191 



Grand Trunk Ry. System. Continued 
H. C. Swartz 
W. G. Swartz 
W. H. Tichbourne 

Great Northern Ry. 
J. A. Bohland 
H. A. Gerst 

Gulf Coast Lines 

S. Y. Alexander 

Gulf, Colorado and Santa Fe Ry. 
Z. A. Green 
K. S. Hull 
G. A. Knapp 

Hudson Bay Ry. 

J. W. Porter 

Illinois Central R. R. 
P. Aagaard 
Chas. Dale 

F. O. Draper 
C. Ettinger 
Wm. James 
Maro Johnson 
C. R. Knowles 

Illinois Traction System 

G. A. Wright 

Imperial Govt. Rys. of Japan 
S. Kurokochi 

Kansas City, Clinton & Springfield Ry. 
J. B. Browne 

Kansas City Southern Ry. 
W. W. Casey 
C. E. Johnston 

Lake Erie & Western R. R. 
T. O. Andrews 

Lake Superior & Ishpeming Ry., 
August Anderson 

Lehigh & Hudson River Railway 
J. E. Barrett 

Lehigh & New England R. R. 
A. M. Snyder 

Lehigh Valley R. R. 
E. B. Ashby 
Peter Hofecker 
J. W. Holcomb 
R. E. James 
Judson Joslin 

Long Island R. R. 

E. L. Goldsmith 
M. Loeffler 
W. F. O'Connor 
E. P. Self 



W. J. Tyers 
C. F. Warcup 
J. Wilson 

Thos. McMahon 



W. G. Massenburg 
W. W. Wilson 



C. W. Lentz 

W. L. Ratliff 

M. A. Smith 

F. H. Soothill 

O. M. Suter 

F. L. Thompson 

E. F. Wise (retired) 



J. J. Tavlor 



P. P. Lawrence 



Roscoe C. Young 



A. E. Kemp 
F. E. Schall 
L. W. Swan 

E. R. Wenner 

F. W. White 

Chas. Wehlen 

W. Wicks 

C. W. Wright 
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Los Angeles & Salt Lake R. R. 

F. M. Bigelow 
R. R. Bishop 

Louisiana & Arkansas Ry. 
D. Zenor 

Louisville & Nashville R. R. 
J. M. Bibb 
A. J. Catchot 
R. O. Elliott 
H. R. Hill 
Floyd Ingram 
T. H. King 

Louisiana & Northwest R. R. 
T. R. Barge r 

Maine Central R. R. 
P. N. Watson 

Michigan Central R. R. 

S. D. Bailey (retired) 
Grant Boyer 

G. H. Fenwick 
Thomas Hall 
F. J. Hodges 
Henry A. Horning 
J. S. Huntoon 

Minneapolis & St. Louis R. R. 
Ed. Gagnon (retired) 



W. C. Frazier 
J. C. Post 



J. W. Little 
A. B. McVay 
C. M. Roy 
Wm. Sheley 
H. Stamler 
W. G. Stewart 



Andrew Leslie 
A. B. Nies 
W. H. Sellew 
E. W. Smith 
S. B. Thorn 
Geo. H. Webb 



G. S. Kibbey 



Minneapolis, St. Paul & Sault Ste. Marie Ry. 

O. C. Gongoll P. Swenson 

A. M. Swenson 

Mississippi Central R. R. 
L. E. Faulkner 



Missouri, Kansas & Texas Lines 
A. S. Clopton 

Missouri, Oklahoma & Gulf Ry. 
Chas. Harrison 

Missouri Pacific R. R. 
E. E. Allard 
R. J. Bruce 
W. L. Burnett 
J. E. Byrd 
W. E. Byrd 
H. W. Clark 
John Curry 
A. H. Ferdina 
C. C. Gnadt 
Lon Graves 
W. A. Guire 
J. C. Hargrove 
E. H. Harvey 
W. Hausgen 
E. P. Hawkins 
E. A. Jackson 



G. A. Purdy 



W. J. Lacy 
G. W. Land 
A. D. May 
Frank May 
Wm, Reed 
J. V. Reynolds 
A. C. Roberts 

C. C. Runyon 
Wm. Smith 
Wm. Sullivan 
F. W. Tanner 

D. G. TewKsbury 
L. J. Wackerle 
A. L. Waits 

L. M. Whitlock 
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Mobile & Ohio R. R. 
: W. B. Harris 

Morgan's La. & Tex. R. R. & S. S. Co. 
A. B. Ashmore 
H. F. Jonas 

Nashville, Chattanooga & St. Louis Ry. 
W. H. Fletcher (Retired) 
H. P. Hodges 
Hunter McDonald 

New Orleans & North Eastern R. R. 
L. E. Jones ' 

New Orleans Great Northern R. R. 

F. J. Bourgeois 

New Orleans, Mobile & Chicago R. R. 
P. K. Lutken 

New Orleans, Texas & Mexico R. R. 
J. P. Yates 

New South Wales Government Rys. 
James Fraser 

New York Central R. R. 
J. K. Bonner 
W. S. Haley 
John Hancock 
U. S. Hitesman 

G. J. Klumpp 
R. P. MiUs 
P. J. O'Neill 
Kemper Peabody 
W. A. Pettis 

New York, New Haven & Hartford R. R. 
C. L. Beeler 
J. S. Browne 
Eldridge E. Candee 
Elliot E. Candee 
H. H. Kinzie 
W. V. Lattin 
E. C. Littlefield 
A. G. McKay 
Wm. H. Moore 

New York, Ontario & Western Ry. 
J. H. Nuelle 

Northern Ry. (Costa Rica) 
M. M. Marsh 

Northern Pacific Ry. 
E. H. Brown 
James Hartley 

Northwestern Pacific R. R. 
A. A. Robertson 

Oakland, Antioch & Eastern Ry. 
. W. B. Noland 



H. Slabotsky 



O. M. Sorrells 
L O. Walker 



R. H. Reid 
E. J. Rykenboer 
S. A. Seely 
J. L. Soisson 
W. F. Steffens 
L. W. Stone 
E. R. Tattershall 
H. C. Thompson 
E. E. Wilson 



E. O. Newton 

B. P. Phillips 

L. H. Porter (retired) 

G. A. Rodman 

G. T. Sampson (retired) 

W. B. Schuessler 

D. W. Sharpe (retired) 

J. B. Sheldon 

J. J. Wishkrt 



F. Ingalls 

C. S. McCully 
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Oregon Short Line R. R. 

E. S. Airmet 
L. W. Althof 

D. H. Ashton 
N. D. Brookhart 

F. P. Cullen 
J. F. Cullen 

E. A. Demars 
I. A. Draper 
Fred Gaunt 
Rupert Hansen 

C. A. Harshbarger 
J. A. Kelly 

A. H. King 

Pacific Electric Ry. 
Alf Brown 

C. F. Estes 

B. F. Manley 

Pennsylvania Lines West of Pittsburgh 
S. C. Bowers 

B. F. Gehr 
A. F. Miller 

D. G. Musser 

Pennsylvania R. R. 

M. M. Barton (retired) 
H. R. Leonard 

Pere Marquette R. R. 
J. D. Black 
Thos. Brown 
J. J. Evans 
Edw. Guild 

G. E. Hanks (retired) 

C. H. Johnson 
A. L. McCloy 

Philadelphia & Reading Ry. 

Amos H. Beard (retired) 
Franklin Gable 
G. M. HoflFman 

Pittsburgh & Lake Erie R. R. 

D. L. McKee 

San Antonio & Aransas Pass Ry. 

F. W. Bailey 

Seaboard Air Line Ry. 
C. F. Ballard 
J. E. Eubanks 

St. Joseph & Grand Island Ry. 
Wm. Carmichael 

St. Louis & San Francisco R. i\. 
F. G. Jonah 

St, Louis Southwestern Ry. 
J. S. Berry 
C. J. Moore 
W. V. Parker 



Roy McRostie 
C. T. Musgrave 
P. E. Parsons 

C. G. Pitcher 
J. W. Reynolds 
A. W. Robinson 
R. B. Robinson 
Parker Shifflet 
Wm. Sorenson 
A. R. Stevens 
Fred Walker 

D. T. Wells 



D. E. Plank 
J. R. Shean 
J. F. Zorn 

H. H. Pollock 
W. F. Rankin 
b. L. Rehmert 
J. Wallenfelsz 

Robert McKibben 
A. W. Reynolds 

A. McNab 
Homer Morgan 
John Robinson 
J. E. Toohey 
C. F. Weir 
G. Y. Whitmee 
J. P. Wood 

E. G. Storck 
E. E. Templin 



J. D. Lacy 

W. A. McDearmid 
J. L. Winter 

G. T. Ray 

H. H. Sayles 

Wm. Quinn 
W. H. Vance 
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Shreveport, Alexandria & S. W. Ry. 
W. Vandercook 

Southern Ry. System 
J. T. Carpenter 
N. L. Hall 
J. S. Lemond 
J. R. Murray 

Southern New England Ry. 
J. E. Cole 

Southern Pacific Company 
H. L. Archbold 
T. W. B ratten 

C. W. Brown 
H. Bulger 

F, L. Burckhalter 
W. H. Burgess 

D. Burke 
W. E. Burns 

C. H. Caldwell 
J. T. Caldwell 
J. H. Clark 
W. S. Corbin 
J. L. Creeks 

D. M. Crosman 
Geo. Dickson 

F. C. Dittmar 
R. M. Drake 

G. A. Easton 

B. F. Ferris 
J. F. Fisher 
M. Fisher 
A. Fraser 
Neil Fraser 
H. H. Frazer 
Ira Gentis 

P. Giusto 
Jas. Gratto 

C. F. Green 

H. A. Hampton 
Robt. Hansen 
W. C. Harman 
J. M. Hinchee 

South Manchuria Ry. 
Y. Maruyama 

Temiskaming & Northern Ontario Ry. 
G. H. Dickson 

Texas & Pacific Ry. 

E. Loughery 

Texas Midland R. R. 
E. H. R. Green 

The Thousand Islands Ry. 
H. A. Cooper 

Toledo, Peoria & Western Ry. 
J. H. Markley 



J. S. Sharp 
J. J. Steadham 
J. B. Teaford 
G. W. Welker 



R. D. Garner 

J. A. Hutchens 
Jno. D. Isaacs 
C. A. Jensen 
H. Lodge 

C. W. McCandless 
J. C. E. McClure 

D. McGee 

A. M. McLeod 
Geo. McMahon 
F. D. Mattos 
M. J. Mayer 

E. C. Morrison 
J. J. Murphy 
R. E. Murphy 
P. N. Nelson 
Harry Pollard 
Geo. W. Rear 
J. S. Replogle 

B. D. Rich 

D. T. Rintoul 
Norman Rose 
W. M. Rose 
Fred Secord 
T. H. Settle 
Fred Shobert 

C. W. Smith 
Thos. Tretheway 
W. F. Turner 

E. J. Vincent 
A. Weldon 
C. R. Wells 
M. M. Wilson 



W. J. Oldham 



196 



MEMBERSHIP BY ROADS 



Toledo Railways & Light Co. 

A. Swartz 

Trinity & Brazos Valley Ry. 

B. M. Hudson 

Union Pacific System 
W. A. Batey 

Union Traction Co. of Indiana 
L. A. Mitchell 

Wabash R. R. 

A. O. Cunningham 

Washington Terminal Co. 
W. M. Cardwell 

Western & Atlantic R. R. 

D. E. Counts 

Western Australia Government Rys. 

E. S. Hume 

Wheeling & Lake Erie R. R. 
W. L. Rohbock 

Yazoo & Miss. Valley R. R. 
D. H. Holdridge 
W. Shropshire 



R. W. Smith 



J. Parks (retired) 



E. C. Danes 
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Why we guaranteed this roof 
for twenty years — 

The engine and machine-shops of •"''' M"* J>' ""Vh^ 

the Kansas City Terminal R. R. mtI^VF™i[e,* °" 

Company in Kansas City, Mo., iUus- Thirj, 
trated herewith, carry Barrett Speci- bscams under the 20-i 

fication Roofs and are guaranteed Ft™./ mnm hB™n»i™nt*d 

by a Surety Bond for twenty years. 

We know, from an experience of 
over fifty years, that Barrett Specifi- 
cation Roofs will greatly outlast the 
guaranteed period, and therefore do 
not hesitate to give this Surety 
Bond. 

No other roofing la guaranteed in 
this way because no other manufac- 
turer, evidently, cares to take the 
risk of having to repair and replace 
his roofs if they fail. 

The reasons for their long life are: 



VISION or OUK INSPECTORS, andwi 

Thai U wb/ IhcM roof* lut I 
'ean aiul more; thot U wh^ ve can 



™°" 1"3. ""cLtr^ The 



The 20- Year GiurBnty Bond 

The 20- Tear Guaranty Is now given 
on all Barrett Specification Roofe of fif- 
ty squares and OTcr in all towns with 
a population of 25.000 and over, and In 
smaller places wbere our inspect! on 
Service Is available. One only require- 
ments are tbat Tbe Barrett Speclflca- 
tlaa dated May 1, lUlO, sball be strictly 
followed add tbat tbe rooHng contractor 
aball be approved by us. Copy of Tbe 
Barrett 20-Year SpeclBcatlon and fur- 
ther intonnation promptly fumlBhed 
Upon request. 



Compai^ ^ 
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THE 






Ellis 




Patent 




Bumping 




Posts 


StBiuIud Puunsir Po>t 


Noted for 
simplicity 
strength and 
lasting qualities. 
Neat in 
appearance. 
Occupy little 
space. 
Adapted 
to all positions. 
Highest Award 
at the 
World's Fair. 


StandnTd Freight PMt 


Shipped Complete 

With Direction. 

for Erection 




Write for 
circulars arid 
prices. 




Mechanical 




Mfg. Co. 

Chicago, III. 


A Twt 
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Chicago Bridge 8l 

Iron Works 



Elevated Steel Tanks 

... and ... 

Steel Storage Tanks 

For Railroad Service 



Eaitcrn: C 

Central: 

Canadian: - - Bridgeburg, Ontuio 

SAL.es OFFICES: 

Chioio. Illinoii DbI1». Teiu. PnMorian Bldii. 

Seattle. \Cu1i.. L. C. Smidi Bids. I«:k>c>iivin^la.. HorUls Lite Blil(. 

CrecnvUlc, PennavlvuiU Log Angcl«. Cal. Union Oil Bldg. 

Sin FnnciKo, C^., OJl Blili. ClwrlDtu, N. C^ Realty BI<1(. 

N«v. York, Hudion Ti^minal Bid*. Detroit, Mich.. Ford BuildinB 

BridgebuFE.Ont. IWJondSt. 
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"Ctiicago Pneumatic" 



I for Bulletin* H-K and M-Y 



"Little Giant" Drills 

mabl* lh< construction gang to movt 

he compressor plant from one iot 

nother with ease and despatch 

c in several sizes for ope ration b] 



Portable Compressors 



Life, and economical upkeep and air 
lonsumplion are features through 
which "Little Giant" Air Drills have 
liecome justly famous. Available in 



Dover Hammers 



A.k for BuILtln IM chippinV/'waHngreVc "' """'"''■ 

Chicago Pneumatic Tool Company 

Fiiber Building 

New York CHICAGO San FnutciKO 

Sde* OEfloi All Over the World 



CHICAGO 
PNEUMATIC 

PRODUCTS 
rmamMHc Toeli 

EkdiicTHb 
Air C*si»r>i»r. 
(HIuJCh 

CiulTndu 



'CmCAGO 

Pneumatic 

Depend Upon That Name 



ADVEETI SE MENTS 



G-A Controlling Altitude Valves 
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Johns-Manville 
Railroad Products 




Asbestos and Magnesia Materials 

Asbestos, Mechanical and Sheet 
Packings 

For Air Brakes 

Automatic Slack Take-up 
Packing Cup 
Expander Ring 

High Temperature Cements 

Hair Felt 

Asbestos Paper and Millboard 

Magnesia Lagging 

Cold Water Paint 

Flexible Armored Hose 

Waterproofing and Mastic Flooring 

Electrical Supplies 

Magnesia and Asbestos Pi pe Cover- 
ings for all classes of insulation 

Asbestos Wood 
Fire Extinguishers 
Steam Traps 



H. W. Johns-Manville Co. 

New York City 
10 Factories. Branches in 63 Largje Cities 



ADVERTISEMENTS 207 



AMERICAN BRIDGE 



COMPANY 



30 CHURCH ST., NEW YORK 



Manufacturers of 



Steel Structures 



of all classes, particularly 



Bridges and Buildings 



Selling Offices in Principal Cities 



ADVERTI SEM ENTS 



ITnfoSK^^ P»,»^* 



Constant Dependable Service 

is assured wherever "Y" Oil Engines are 
installed. They run steadily, smoothly', 
with little attention. Low upkeep and 
low maintenance costs. 

The picture shows two 75 H. P. Type "Y" En- 
gines direct connected to two 13'xl2' plunger and 
ring pattern power pumps and belted to two 8' 
centrifugals. 

All Etfoiprntnt Guaraatttdby Fairbunkm-Monm Qnality 



FAIRBANKS. MORSE & CO. 



Engine!, Pump*, Motor*, Rulwar Suppliei, Scale*, Water Syitema 
Lightins PUnti, HoUti, / ir Comprewori, etc 



Icing Station Machinery 



G-W Car Icing Equipments 

■re in uie b; all laadins Packer* and Railroad* 
Sotn« of the V»nr» Includ« 



i 



N. T. C. * H.,R, R. 


C. N. K. ■' 


Sn 


nta P« 


ITnloii Pnolflr ' 


N-nfl Vkg. Co. - 




S. Line 


C. M. & St. P. 






ft A. 


I. I. ft I. 


Swln Co. 


C 


R. I. ft P. 


r. & N. W. 


MorrtB & Co. 




n. or N. 3. 




CmiBhy ft Co. 




T. O. ft W, 


ri. L. ft W. 


Slpxirnn Nnfl Pkg. Co. 


N 


Y. N. n. A H. 


B. ft 0. 


HBmmond ft Co. 


11 


Cenlral 


So. Piiplflc 


Pndllc Fruit KxpBesB 


M 


. Pncilic 


D, ft H. 


f>iiit Grnwpra Express 




B. & Q. 




Chi. Ind. ft So. =« „ 







ic« Cruihan. Crulhcd lc< Ele»lon and Cuti 

ICE TOOLS """"" 

Including 

Planers, Scrapers, Plows, Markers, Bars, Chisels 
Hooks, Tongs, Shavers, Saivs, Etc. 

Electric and Gasoline Field Sawi 

BASIN SAWS CATALOGS 

GIFFORD-WOOD Co. 

Chicago Office: 565 W. Waihinglon St. 




Locomotive Coaling Stations 



For Handling Cc»l, 
Ashea and Cmdert 



. CoaliiiK Statioii Eqnipment 



The dcpcnitability ot' 
GiHord-Woocl equipment has 
led the following reprcsenw- 
t>ve railroad companies to 
adopt QUI equipment: 
N*w Twk Catnl 1. 1. 
C(h4Iu fiKifii Bt- 

ShIh uJ AlkUT R. 1. 
B«lHuJIUiHl. R. 
RatkW RaaroJ 

OM»>uiN«rT.rkR. R. 
Cl»i>. W. t'Om^ -< SMk. R. R. 



Power Pleuit Coal Handling 
(nvi^R) Equipment :i!^^ 

Gifforcl=Wood Co. 

Chicago Office: 565 W. Washington St 

Main Offict anJ Workt NEW YORK BOSTON 

HUDSON, N. Y. BUFFALO PHILADELPHIA 
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GENERAL CONTRACTORS 

Speelalixing 

RAILROAD BUILDINGS and WATER SERVICE 



Shop and Freight Terminals 

Pauenger Stations 

Complete Pumping Plants 

Pipe Lines Tanks Penstocks 

Dams and Reservoirs 



Jos. El. Nelson & Sons 

CHICAGO 
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^^^ BrUge, Norfolk * PotUmoulh Bell Line Railway ^^^^ 

7^2 Years' Service given by 
Dixon's Silica Graphite Paint 



Dizon't SUicB-Graphite Paint has been made in FIRST 
QUALITY only for over 30 years and is used in all parts 
of the world, especially by railroads, for protective purposes 
and for ornamental purposes. 

Dixon'a SiUca-GraphHe Paint lasts "more years" and 
therefore costs the least "per year of service," 

Do not use paints that are cheaper "per gallon," bi 
you waste material and labor having to paint more fi 
quently. 

WrlU for long ■■rnca ncori/i or for our fiouu arroit "GRAPHITE" 
oftptcial infrtMl (o taptrinfndtnl, ofbridt" and bmldinm'. 

Made In Jener CItr. N. J,, br th« 

JOSEPH DIXON CRUCIBLE COMPANY 

EatabliBhed 1S27 
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ROOFING THRIFT 



'T'he new thrift way to re-roof is to lay 
^ NE?PONSET Paroid, red or green 
slate surfaced, or the ART-CRAFT roof 
right over old wooden shingles. 



Above \i a picture of the ART -CRAFT Roof being applii 
over old wooden shingles on ihe Kock Island Station al 91 
Street, Chicago, III. 



MEMiET 



Bird & Son 

I ncorpof ated 

ESTABLISHED 1795 

Chicago New York \^' 

Washington 7.,df Mj 



East Walpole 
Mass. 
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"JERRY BOY" EnSnes 



n=Give Reliable Service=n 

Save time, save labor by placing a "JERRY BOY" 
Hand Car Outfit in the hands of every section fore- 
man. . Do away with the primitive idea of using hand 
power to operate hand cars. Rapid transportation of 
men and material means maximum efficiency. 

Equipped with Famous 

"JERRY BOY" tf Engines 

"JERRY BOY" Engines furnish the most satirfac- 
tory power for hand cars. They are capable of pulling 
extra lai^ loads and are always 'on the job." 
"JERRY BOY " power means dependable power. 
That is what must be had in this instance and that's 
what you get. 

IVriU for parliculars and prices 

Associated Manufacturers Co. 

Waterloo, Iowa 
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"Associated" Engines 

mean Guaranteed Power 

"ASSOCIATED" Engines have gained 
an enviable reputation for reliable- service. 
Over 200.000 in daily use proves the esteem 
in which they are held. They never were in 
such demand as right now. 

"ASSOCIATED" Engines are con- 
structed of the very highest grade material 
and are designed by practical and efRcient 
engineers. They are "Famous for Service." 
They "lead in their field." 

Literature and prices on request. 

"ASSOCIATED" Engines 
Qasolim. I ^4 to 1 8 H. P. 

Kerosene, 2% to 18 H. P. 

Associated Manufacturers Go. 

WATERLOO, IOWA 



ADVESTISEMENTS 



WATER CRANES, OIL CRANES 
COAL CHUTES, OIL ENGINES 



PUMPS, TANKS 



T. W. Snow Construction Co. 

537 So. Dearborn Street 
Chicago 



ADVERTI SE M EN TS 



COMMON LABOR EU MINATED 

SKILLED UBOR REDUCED TO A MINIMUM 

How to Order 
Fis. 4 HydranU 

If an nutallalion 
luch as Fig. 4 is 
desiied, make order 
read "ooe (mention 
size) hydrant com- 
plete Fig. 4, Janu- 
ary 1914 Catalog 
or March 1917 
Bulletin." 

Thit will inchide 
everything shown 
from control valve 
at "A" to hose-end 
al "B" bchiding 
steel covers. 

Standard Pit is 
3 '^6' deep and 
2'— 6* square in- 
side measurement. 
T7- J f- 1 D ■ I If greater or less 

No digging necBMary to renew valves of Fig. 4. J;„_„.;„„, .„ J ,_ 

T-L- r ■ . J J r - 11 ■ i/ »■>]/■_ L dimensions and re- 

Thi> form » atandard lor all sizes, ^ to i-'/i inch . ,-, 

quirements. We 

can also fumtsh a complete reinforced concrete Box in single units. Blue 

Print for the asking. 

VOLKHARDT COMPANY, Inc. 

Home Office: 83 Protpect Street, Stapleton, 
St«. S. I. New York City 

Western Office: 537 S. Dearborn St., Chicago, III. 



ADVERTISEMENTS 



217 



Floors 

For Railroad 



Purposes 



For many years we have specialized in the instal-r 
lation of floors in buildings devoted to railroad pur- 
poses. 

As Engineering Contractors, we know from actual 
contact with this class of construction, the general 
requirements and local conditions, and our efforts 
to lay the most suitable floor in each instance have 
developed in 

Sarco Mineral Rubber Roor 

essential qualities which make it adaptable to every 
need — it is durable, sanitary, waterproof and noise- 
less, a pleasant surface under foot for workmen and 
possessing great wear resisting ability for heavy 
duty. 

We produce the SARCO Mineral Rubber Asphalt 
used in our floor and employ only the most efficient 
and experienced labor, exercising complete control 
over materials and construction. 

Detailed information regarding costs, suitability 
for special service, samples and literature will be 
sent yon on request. 

STANDARD ASPHALT AND REFINING CO. 

Producer* of SARCO Minmral Rubber A»phalt» 

208 SO. LA SALLE ST., CHICAGO, ILL. 



5A<CQ 
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ADVEKTISEHEXTS 




U.S. Wind Engine 
and Pump Co. 



22 Water St. 



Batavia, 111. 



Ejigineers, Manufacturers 

Contractors for Railway 

Water Service 



RailnHi] Water Colui 
WotMl Tank. 
Tank Hoopa o 
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An INDUSTRIAL WORKS 
Convertible Crane Pile Driver 



combines the fui 
abilities of a loc 
pile driver it wil 
car. It has a ( 
leader truss is t 
stituted for loci 



Industrial Works 

Bay City» Mich. 

Lecomotio* and Wrecking Crane; S to 160 (on* capacity, Pilm Driomrt 

Tntntfer Tablet, Pillar Crane*, RaiUawa, Trantfcr Cranct 

Steam Hammere, Grab Backeta 



THE COLUMBIAN STEEL MAIL CRANE 

'X'HE COLUMBIAN has proved to be the most satisfactory mail 
''' crane in the world. It is built entirely of steel and malleable 
iron. No tubing used in the principal construction. The steel 
bars make every part of the crane accessible to the paint brush. 
Over on* half ol all III* oranaa in uaa on the Amarioan Continent 
ara COLUMBIANS 
The Columbian is used exclusively We also manufacture MAIL 

by all the leading roads in Canada, CATCHERS of the very latest de- 
including (he government lines. Has sign at a reasonable cost. Rccom- 
been in aclive service 24 years. mended by the Post Office department. 

We are always prepared lo make prompt shipments of Mail 
Catcher Rubber Bumpers. Write for Catalog and prices. 

Columbian Mall Crane Co. Columbus, Ohio 
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STEEL NEED NOT RUST 
/"Conservation of steel is of prime Importance. Eveiy 
^~' ounce must be made to give full measure of service. 

Railroad bridges especially need adequate protection 
agaiodt the forces of corrosion-- exposure, niater, elec- 
trolysis, alkalies and fumes. 

Combat these destructive forces with 
i ^/*^ Tockolitb (Pat'd), a quiet-drying, anIi-corrosiTe 
cement paint for priming iron and steel to prevent chemi- 
cal and electrolytic corrosion. 

TfJ r .TF ' Damp Resistintt Paint-a ({rade for eacb purpose. 
Prevents corrosion induced by acids, alkalies, moisture. 

The "Blue Book" gives details. Address Dept. 73. 

TOCH BROTHERS 



Ryerson 


Friction Saw 




For RAILROAD USE 




-yHIS SAW hai long beer 

^ known as the most efficient 

and rapid machine on llie 

market for the cutting of rails, 

beams, angles, channels, tees, 

t zeca, round bars, etc., »8 well 

I as the various special sections 

■jvhich are now being employed 




We will be pleased to send you 
railroad bulletin 9071 giving 
specifications and details. 


..... 


U...O .... ...O..O....C .... 


Joseph 


T. Ryerson & Son 


CLYDE ». CA 




• RON STEEL MACHINERY || 




II 
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Robert W. Hunt Jno. J. Cone Ju. C. Hallttod D. W. McNkugher 

Robert W. Hunt & Co. 

Engineers Inspectors Chemists 

Inipection and Teita 

Structural and Reinforcing Steel anil Machinery (or 
Bridget, Building! and Other Structurei 
Inspection and Teita 

Cement, Creoioted Blocks. Timber! and Ties 
Rail* and Other Track Material* 

Inipectori permanentir located at manu- 
facturing plant* 
Field Inspection 

General Offices: CHICAGO 

Z200 liuurance Exchanse 



Use DICKINSON 
Cast Iron 
CHIMNEYS 



Wben ordering, state size of 
Stove Pipe, whether for ridge 
or slope roof and leng:th above 
and below roof. 



Paul Dickinson, Inc. 



3346 SO. ARTESIAM AVE. 
CHICAGO 



REMEMBER -We make Smoke Jack*, Ventilators 
and Cast Iron Buildings also 
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A Cortright Roof Cortright Metal Shingles 

is a permBnent roof in every acDie cannot split, cutI or decay like 

of the word. Cortright roofs laid wood sliingles. nor crack and fall 

thirty yean ago are as good as off like slate. There ia nothing 

new today, and the only attention moie suitable for Raih-oad Build. 

they have needed is an occadonal inga. No breakage in transit or 

coat o{ paint when the painted handling. Laid by any compe- 

gooda were used. tent mechanic. 



BATES & ROGERS 

CONSTRUCTION CO. 

Engineera Bltlg. Old Colony Bld«. Undelle Block 

Cleveland Chicago Spokane 

Civil Engineers 
General Contractors 

Concrete and Foundation Work, Tunnel Linins, Danu, Heavy Building 

Conitruction, Hydro- electric Power Dovalopinenli, All Classes 

of Railroad Construction 

Contractors For 

Camp Grant, Rockford, ID., Nitrate Plant, No. 3, Toledo, Ohio 

Qaartermatter Warekoniei, New Cumberland, Pa. 

Schooner Bargei, Emergency Fleet Corporation 
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BRIDGE, STATION and TANK 

foro„er PAINTS 

- J*l^*/*J ^^ Aope maih a apecUdty of th» obova paint; and ha»m 
famiahed mora bridge pmntt to thm rtmroad* than all otAer* combinmd. 

CHEESMAN 4 ELLIOT 

Owrun National Paint Worlu 
WiOiamtpoTt, Pa. Brooklyn, ff. ¥■ 



NICHOLS 

Turntable Tractors 
Transfer Tables 
Bridge Machinery 

Geo. P. Nichols & Bro. 

Old Coloor BiiUiBf CHICAGO 



KELLY-DERBY CO., Inc. 

Peoples Gas Building Chicago, 111. 

Feed Water Heaters and Purifiers 

Steel Warehoata Tniekt for Hand and Tnnltr Servict 
Oil and Gasoline Engines 

Oil and Steam Separators Steam Traps 

Pump Valves Well Cylinders 

Pumps Well Strainers 



MISSOURI VALLEY BRIDGE & IRON GO. 

LEAVENWORTH, KAN. 

^ ■ _ __J Conomt* or H»««nry Pl»r» 

Enginoors ana pn.umatioorOMn 

_ ,, . r"=" . . FoundMior... St..l Sp.n. 

Builders off Bridges vi.i^^B»,ui«^^^. 



-{ 
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ABSOLUTELY 

The 

Best, Simplest Crane 

on the Market 

TRIED OUT and WON OUT 

All Steel and Iron. Painted two coats 

Ready to set up 

Barker Mail Crane Co., Clinton, la. 



Timber Bridges and Trestles MADE SAFE 

against fire dropped by locomotives and their life 
prolonged by one coat of 

CLAPFS 
Fire Resisting Paint 



AN INEXPENSIVE MONEY, LIFE and PROPERTY SAVER 

You need such protection 
We have the goods. We will **show you'' 

You pay nothing down 

The CLAPP FIRE RESISTING PAINT CO. 

BRIDGEPORT, CONN. 



